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CHAPTER
INTRODUCTION
The C le a r w a t e r  R iv e r  d r a in a g e  a rea  i s  one o f  th e  most p o p u la r  
r e c r e a t i o n a l  a reas  in  Montana. See ley  Lake, th e  f o u r t h  in  a s e r i e s  
o f  s i x  m a jo r  la ke s  in  t h e  d r a in a g e  b a s in ,  i s  l o c a te d  In a p i c t u r e s q u e ,  
wooded v a l l e y .  I t s  p r o x i m i t y  t o  M is s o u la ,  H e lena ,  and Grea t  F a l l s  
a c c o u n ts  f o r  i t s  heavy use by b o a t e r s ,  f i s h e r m e n ,  and swimmers.
The lake  i s  e c o n o m i c a l l y  im p o r ta n t  t o  th e  town o f  See ley  Lake 
( p o p u l a t i o n :  500) w h ic h ,  a c c o r d in g  t o  Moos e t  a l  ( 1 9 6 9 ) ,  d e r i v e s  o v e r  
one h a l f  o f  i t s  y e a r l y  income f rom  to u r i s m ,  There  a re  more than  n i n e t y  
summer homes on th e  s h o r e l i n e .  In a d d i t i o n  t h e r e  a re  two l a r g e  r e s o r t s  
and t h r e e  U. S. F o re s t  S e r v i c e  campgrounds. The F o re s t  S e r v i c e  camp­
g rounds  a lo n e  have a c a p a c i t y  o f  150 f a m i l y  u n i t s .
See ley  Lake has an a rea  o f  863 a c re s  o r  a p p r o x i m a t e l y  1.35 
square  m i l e s .  I t  i s  r e l a t i v e l y  s h a l l o w  and has a mean t e m p e ra tu re  w h ich  
i s  seven degrees  F a h r e n h e i t  h i g h e r  than  o t h e r  lakes  in the  area  (Moos 
e t  a l ,  1969) .  I t  i s  a d i m i c t î c ,  d ra in a g e  la k e  w i t h  a maximum d e p th  o f
t h i r t y - f i v e  m e te rs .  I t s  s lo p e  i s  g ra d u a l  and th e  bo t tom is  h e a v i l y
s i l t e d .  The la ke  appears  g reen t o  b l u i s h - g r e e n  in  c o l o r .  The l i t t o r a l  
zone i s  e x t e n s i v e  and a q u a t i c  m acrophy tes  grow in abundance. Heavy
weed g ro w th s  a l s o  d e t e r  f i s h i n g  and b o a t i n g .
S ta tem en t  o f  t h e  Problem 
Summer a l g a l  blooms o f  Anabaena s p . have been r e p o r t e d  ( I 9 6 8 , 
1969, and 1970) t o  be e x t e n s i v e  f o r  s e v e ra l  days In e a r l y  autumn. When 
th e  a lg a e  d i e  th e  p r e v a i l i n g  w ind  a ccu m u la te s  th e  dead c e l l s  i n t o  a 
r o t t i n g  mass on th e  s h o re .  Anabaena sp. blooms have been shown t o  be 
t o x i c  t o  c a t t l e  and o t h e r  a n im a ls  (Pa lm er ,  1959) and m ass ive  g ro w ths  
may cause f i s h  d e a th s  due t o  a l g a l  r e s p i r a t o r y  oxygen d e p l e t i o n ,  o r  
by a c t i n g  as a b a r r i e r  t o  th e  p e n e t r a t i o n  o f  l i g h t  f o r  p h o t o s y n t h e s i s  
(Mackenthun,  19&4). Heavy g ro w ths  o f  o t h e r  a l g a l  s p e c ie s  a l s o  can 
p rove  t ro u b le s o m e  in  c l o g g i n g  sc reens  and f i l t e r s ,  and a re  a sou rce  
o f  t a s t e  and o d o r  p ro b le m s .
T h is  s tu d y  began in  May o f  1970 as a c o o p e r a t i v e  agreement 
between th e  U. S. F o re s t  S e r v i c e  and th e  U n i v e r s i t y  o f  Montana B i o l o g i c a l  
S t a t i o n ,  Dr,  John F. T ib b s  and Dr, Arden R. G a u f in  were p r i n c i p a l  
i n v e s t i g a t o r s .  The s tu d y  was n o t  i n te n d e d  as a m o n i t o r i n g  p rogram,  
bu t  as a u s e fu l  l i m n o l o g i c a l  i n v e s t i g a t i o n  w h ich  c o u ld  a s s i s t  t h e  F o re s t  
S e r v i c e  in  d e v e lo p in g  a p la n  f o r  th e  f u t u r e  management o f  th e  la k e  and 
s u r r o u n d in g  l a n d ,  o f  w h ich  th e  F o r e s t  S e r v i c e  c o n t r o l s  70 p e r c e n t .
The aims o f  t h e  s tu d y  w ere :  (a) t o  r e l a t e  th e  p h y s i c a l  and
chem ica l  e n v i ro n m e n t  t o  th e  p r im a r y  p r o d u c t i v i t y ,  (b) t o  i n v e n t o r y  the  
f l o r a  and fauna  o f  th e  l a k e ,  (c )  t o  assess  g e n e ra l  typ e s  and p r o b a b le  
sou rces  o f  n u t r i e n t s ,  and (d) t o  make recommendations abou t  r e t a r d i n g  
th e  p r o d u c t i v i t y  due t o  th e se  n u t r i e n t s .  In c o n n e c t io n  w i t h  th e  l a t t e r  
p o i n t ,  t h e  h i s t o r y  o f  management o f  th e  d r a in a g e  area  has been i n c o r ­
p o r a te d  w i t h  th e  o t h e r  d a ta .
Review o f  the  L i t e r a t u r e
In d i s c u s s i n g  n u t r i e n t  l e v e l s  and th e  p rob lem  o f  e u t r o p h i c a t i o n ,  
i t  i s  n e cessa ry  t o  d i s t i n g u i s h  c l e a r l y  th e  d i f f e r e n c e  between c u l t u r a l  
e u t r o p h i c a t i o n  and n a t u r a l  e u t r o p h i c a t i o n .
C u l t u r a l  n u t r i e n t  i n p u t s  a re  u s u a l l y  in  d i r e c t  p r o p o r t i o n  t o  the  
d e n s i t y  o f  th e  p o p u l a t i o n  in  th e  d r a in a g e  area  o f  a l a k e .  G. E.
Huch inson (1967) summarized t h i s  co n cep t  as f o l l o w s :  " t h e  i n v e s t i g a t o r
can c o n s id e r  th e  la ke  as a r e p o s i t o r y ,  i f  no t  a m i r r o r ,  o f  human h i s t o r y . "  
P e a r s a l l  and Pen n in g to n  (1947) a n a lyze d  bo t tom  c o re  samples f rom  the  
B r i t i s h  Lake Windermere ,  and suggested  t h a t  i t  was in a e u t r o p h i c  co n ­
d i t i o n  f ro m  1i 00 -  250 B. C. They proposed th e  e u t r o p h i c a t i o n  was caused 
by n u t r i e n t s  leached a f t e r  l a rg e  f o r e s t s  were c u t .
C u l t u r a l  e u t r o p h i c a t i o n  o f  a lake is  o f t e n  r e l a t i v e l y  r a p id  
( y e a rs  t o  tens  o f  y e a rs )  and i s  l a r g e l y  r e v e r s i b l e  when th e  n u t r i e n t  
sou rces  a re  e l i m i n a t e d  (Johnson and V a l l e n t y n e ,  1 9 7 0 -  Thomas (1962) 
s t u d i e d  lake s  o f  g r e a t e r  than 20 m e te rs  depth  in  n o r t h e r n  S w i t z e r l a n d ;
He showed t h a t  u n t i l  a few  decades ago th e y  a l l  be longed t o  o l i g o t r o p h i a  
t y p e s .  Today most o f  these  lakes  a re  e u t r o p h i c  as a r e s u l t  o f  c u l t u r a l  
f e r t i l  Iza t  i o n .
N a tu ra l  e u t r o p h i c a t i o n  is  an e x t r e m e ly  s low  ( thousands  t o  tens  
o f  thousands o f  y e a rs )  b i o l o g i c a l  p rocess  produced by th e  p r o g r e s s i v e  
s h o a l i n g  o f  lakes  as th e y  f i l l  in  w i t h  se d im e n ts .  Man-made r e s e r v o i r s  
undergo  t h i s  phenomenon much more r a p i d l y  because o f  sed iment  s e t t l i n g  
be h in d  th e  dam.
L î m n o lo g î s t s  have c l a s s i f i e d  la k e s  i n t o  t h r e e  m a jo r  t y p e s ;  o l i g o -  
t r o p h i c ,  m e s o t r o p h i c ,  and e u t r o p h i c ,  a c c o r d in g  t o  b i o l o g i c a l  p r o d u c t i v i t y  
and n u t r i e n t  p o t e n t i a l  f o r  p r o d u c t i o n .  In 1925 Thienemann c l a s s i f i e d  
o l i g o t r o p h i c  l a k e  typ e s  as deep and n u t r i e n t  d e f i c i e n t ,  w i t h  an o r t h o ­
g rade  o r  u n i f o r m  d i s t r i b u t i o n  o f  oxygen .  The " e u t r o p h i c  t y p e "  was 
s h a l l o w  and n u t r i e n t - r i c h ,  w i t h  c l i n o g r a d e  d i s t r i b u t i o n  o f  oxygen ,  and 
produced a w a te rb lo o m  ( H u tc h in s o n ,  1969) .  A re c e n t  approach  t o  c l a s s i f y ­
ing  la ke s  c o n s id e r s  t h e i r  d r a in a g e  b a s in s  as b e ing  o l i g o t r o p h i c  o r  
e u t r o p h i c  sys tem s ,  w i t h  low o r  h ig h  n u t r i e n t  c o n c e n t r a t i o n s  (H u tc h in s o n ,
1969) .
There  a re  s e v e ra l  i n d i c e s  a v a i l a b l e  f o r  a s s e s s in g  th e  b i o l o g i c a l  
p r o d u c t i v i t y  in  See ley  Lake. Edmondson e t  a l  (1956) have shown the  
i n d i r e c t  e f f e c t s  o f  e n r ic h m e n t  on th e  d i s s o l v e d  oxygen c o n t e n t  o f  la ke s .  
They f i n d  t h a t  changes in  b o th  th e  shape o f  th e  oxygen c u rv e  as w e l l  
as changes in th e  h y p o l i m n e t i c  oxygen c o n c e n t r a t i o n  may be m e a n in g fu l  
i n d i c e s  o f  e u t r o p h i c a t i o n .
B i o l o g i c a l  i n d i c a t o r  o rg an ism s  a re  u s e fu l  and v a l i d  i n d i c e s  o f  
v a r i o u s  fo rms o f  p o l l u t i o n  (G a u f in  and T a r z w e l 1, 1955) .  An abundance 
o f  l i t e r a t u r e  has i n d i c a t e d  c e r t a i n  s p e c ie s  t o  be p r e s e n t  in q u a n t i t y  
o n l y  in p o l l u t e d  w a t e r .  P o l l u t i o n  d im i n i s h e s  th e  sp e c ie s  d i v e r s i t y  
p r e s e n t  and a l l o w s  a c o r r e s p o n d in g  i n c r e a s e  tn th e  t o t a l  number o f  
o rgan  ism s .
P r im a ry  p r o d u c t i v i t y  o f  p la n k t o n  has been measured d i r e c t l y  as 
th e  r a t e  o f  ca rbon  f i x a t i o n  by p h y t o p la n k t o n ,  and i n d i r e c t l y  as th e  
d i f f e r e n c e  in  oxygen c o n c e n t r a t i o n s  between l i g h t  and d a r k  b o t t l e  samples
( R y t h e r ,  1956; W r i g h t ,  1959; Goldman, I9 6 0 ;  V o l l e n w i e d e r ,  1969; and 
S tanda rd  Methods,  1971)°
H a s le r  (1947) I n c o r p o r a t e d  most o f  th e  a v a i l a b l e  i n d i c e s  t o  
d e m o n s t ra te  c u l t u r a l  e n r ic h m e n t  on 37 lake s  a f f e c t e d  by d o m e s t ic  
d r a in a g e .  H is  c o m p i l a t i o n  showed s e v e ra l  d r a m a t i c  changes o c c u r re d  in  
many o f  th e  l a k e s ,  i n c l u d i n g :  (a) a d e c l i n e  o f  sa lm o n id  f i s h e s  and an 
in c r e a s e  o f  co a rs e  f i s h ,  (b) th e  p l a n k t o n i c  s ta n d in g  s t o c k  in c re a s e d  
and t r a n s p a r e n c y  d e c re a se d ,  and (c)  th e  d i s s o l v e d  oxygen c o n t e n t  o f  th e  
deep w a te r s  dec rea se d .
Rawson (1956) sugges ted  t h a t  a l g a l  s p e c ie s  p r e s e n t  can i n d i c a t e  
th e  t r o p h i c  lake  t y p e s ,  and l i s t e d  s e v e ra l  examples o f  p h y t o p la n k t o n  
t h a t  c h a r a c t e r i z e  e u t r o p h i c ,  m e s o t r o p h i c ,  o r  o l i g o t r o p h i c  w a t e r s .  He 
a l s o  sugges ted  s e v e ra l  z o o p la n k to n  i n d i c a t o r  s p e c ie s  ( e . g .  Bosm i na 
long i r o s t r i s  wou ld  i n d i c a t e  h ig h  p r o d u c t i v i t y  and Bosmina lo n g ! s p in a  
would  deno te  an o l i g o t r o p h i c  c o n d i t i o n ) .
The Im por tance  o f  th e  m a c r o n u t r i e n t s  n i t r o g e n  and phosphorus  has 
been w e l l  documented In 1931 Naumann d e f i n e d  e u t r o p h i c a t i o n  as " t h e  
in c re a s e  o f  n u t r i t i v e  s u b s ta n c e s ,  e s p e c i a l l y  P and N, in a lake  ( H a s le r ,  
1947) .  L a te r  t h a t  yea r  B i r g e  and Juday summarized the  l a r g e  amount o f  
da ta  th e y  had g a th e re d  on W is c o n s in  l a k e s ,  and r e p o r t e d  no e v id e n c e  o f  
l o s s  o f  phosphorus  f rom  the  w a te r  as a l g a l  p o p u l a t i o n s  were m a in ta in e d  
o r  somewhat in c re a s e d  ( H u tc h in s o n ,  1969) .  About th e  same t im e  P e a r s a l l  
found  b lu e - g r e e n  blooms o c c u r r i n g  when t h e r e  was a n u t r i e n t  d e f i c i e n c y  
in th e  w a te r  ( H u tc h in s o n ,  1969).
B a l l  ( 1950) a p p l i e d  i n o r g a n ic  f e r t i l i z e r  ( 1 0 -6 - 4 )  t o  two sma l l
l a k e s  în n o r t h e r n  M ic h ig a n ,  and observed  two nearby  la ke s  as c o n t r o l s .  
F e r t i l i z a t i o n  was c a r r i e d  o u t  a t  th e  r a t e  o f  100 pounds per a c re  f rom  
June u n t i l  September, 1946, and produced a p 1a n k t o n - a 1gae bloom t h a t  
summer.
Hayes e t  a l  (1952) a l s o  added commerc ia l  f e r t i l i z e r  t o  s e v e ra l  
l a k e s ,  and no ted  a d is a p p e a ra n c e  o f  th o se  n u t r i e n t s  - -  r a p id  a t  f i r s t ,  
then  d i s a p p e a r i n g  g r a d u a l l y  o v e r  a p e r i o d  o f  a few d a ys ,  u n t i l  s c a r c e l y  
any c o u ld  be d e t e c t e d .  They suggested  t h a t  in a e u t r o p h i c  lake  th e  
summer c o n c e n t r a t i o n  o f  phospha te  would  be lower  than in  an o l i g o t r o p h i c  
la k e .
Thomas (1962) e x p e r i m e n t a l l y  grew p h y to p la n k to n  c u l t u r e s  bo th  
i> n n a t u r a l  lake  w a te r s  and in w a te rs  t o  w h ich  n i t r o g e n  and phosphorus 
compounds had been added. He no ted  e x c e p t i o n a l  g row th  in  th e  l a t t e r  
ca se ,  and sugges ted  t h a t  N and P were th e  dom inan t  n u t r i t i v e  s u b s ta n c e s .  
To t e s t  t h i s ,  he added s u r p lu s  n i t r a t e s  and phosphates  t o  samples o f  
w a te r  f rom  46 d i f f e r e n t  l a k e s .  A f t e r  two months i n c u b a t i o n  in  d i f f u s e  
l i g h t  and a t  room te m p e r a t u re ,  he assayed th e  samples and found  the  
n i t r a t e s  were c o m p le t e l y  used up »n a l l  th e  t e s t  samples and th e  phos­
pha tes  m some o f  them.
Jagg (1955) d e s c r ib e d  le a c h in g  o f  n u t r i e n t s  f rom  th e  s o i l ,  and 
sugges ted  t h a t  i t  o c c u rs  more r e a d i l y  when t h e r e  Is  no v e g e t a t i o n ,  e te n  
i f  f e r t i l i z e r s  have n o t  been a p p l i e d .
Bormann e t  a 1 (1968) documented n u t r I e n t - 1oss a c c e l e r a t e d  by 
c l e a r - c u t t i n g  o f  f o r e s t  l a n d ,  and found  n i t r o g e n  lo ss  the  f i r s t  yea r  
a f t e r  c u t t i n g  was e q u i v a l e n t  t o  th e  amount a n n u a l l y  tu rn e d  o v e r  in  an
u n d i s t u r b e d  f o r e s t  e co ’-sys tem .
L ik e n s  e t  a l  (1970) s t u d i e d  a d ja c e n t  e x p e r i m e n t a l l y  c l e a r - c u t  
and u n d i s t u r b e d  sys tem s ,  and r e p o r t e d  n i t r a t e  c o n c e n t r a t i o n s  f rom  th e  
c l e a r - c u t  w a te rshe d  were 4 l - f o l d  h ig h e r  th e  f i r s t  y e a r  and 5 6 - f o l d  
h i g h e r  th e  second ye a r  a f t e r  d e f o r e s t a t i o n .  In a d d i t i o n ,  annua l  s t ream  
f l o w  was found t o  be 39% h i g h e r  th e  f i r s t  ye a r  and 28% h ig h e r  th e  second
y e a r  a f t e r  th e  t r e e s  on th e  w a te rshe d  were c u t ,
Mackenthun e t  a l  (1964) r e f e r  t o  an u n p u b l i s h e d  r e p o r t  on the  
Madison Lakes in W is c o n s in ,  w h ich  s t a t e s  " t h e  b i o l o g i c a l  p r o d u c t i v i t y  
o f  th e  l o c a l  l ake s  i s  a f u n c t i o n  o f  the  lo a d in g  o f  i n o r g a n i c  n i t r o g e n  
on each l a k e " .  The r e p o r t  a l s o  suggested  t h a t  marsh land d r a in a g e  was 
f rom  two t o  t h r e e  t im e s  as r i c h  in  I n o r g a n i c  n i t r o g e n  as d r a in a g e  f rom  
o r d i n a r y  fa rm  la n d .
H u tc h in s o n  and Bowen (1950) added P-32 t o  a e u t r o p h i c ,  s t r a t i f i e d  
lake  in C o n n e c t i c u t ,  They t r a c e d  most o f  th e  r a d i o a c t i v e  phosphorus t o  
l i t t o r a l  p l a n t s  such as Po tam oge ton , w h ich  showed a 1 0 0 0 - fo ld  i n c re a s e  
o f  P-32 w i t h i n  a p e r io d  o f  one week, compared t o  t h e i r  i n i t i a l  concen ­
t r a t i o n s  o f  P-3 1 . An e q u i l i b r i u m  c o n d i t i o n  was reached in a week,
f o l l o w e d  by a r i s e  in  P-32 m  th e  h y p o l im n io n
H u tc h in s o n  (1957) summarized th e  p rocesses  o f  th e  phosphorus 
c y c l e  tn a lake  d u r i n g  summer s t r a t i f i c a t i o n :
1, L i b e r a t i o n  o f  phosphorus  i n t o  th e  e p i l i m n  ion f rom  th e
l i t t o r a l  f rom  th e  decay o f  l i t t o r a l  v e g e t a t i o n
2, Uptake o f  phosphorus f rom  th e  w a te r  by l i t t o r a l  v e g e t a t i o n .
3c Uptake o f  th e  phosphorus  by th e  p h y t o p la n k t o n .
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4c Loss o f  phosphorus  f ro m  th e  p h y t o p la n k t o n  as a s o l u b l e  
compound,
5. S e d im e n ta t i o n  o f  phosphorus  c o n t a i n i n g  s e s to n ,  i n c l u d i n g  
p h y t o p la n k t o n  and f e c a l  p e l l e t s  i n t o  th e  h y p o l im n io n ^
6c L i b e r a t i o n  o f  phosphorus  f ro m  th e  s e d im e n t in g  s e s to n ,  o r  
when i t  a r r i v e s  a t  th e  mud w a te r  i n t e r f a c e ,
7. D i f f u s i o n  o f  phosphorus  f rom  th e  sed im en ts  i n t o  th e  w a te r
a t  those  de p th s  a t  w h ich  th e  s u p e r f i c i a l  mud la c k s  an o x i d i z e d  m ic r o - z o n e ,
Dugdale and Dugdale (1961) searched f o r  p o s s i b l e  sou rces  o f  
phosphorus and n i t r o g e n  in  la ke s  on A fognak  I s l a n d  in  A la s k a ,  and r e p o r t e d  
t h a t  l a ke s  w i t h  s h a l l o w  s lo p e s  had a h ig h e r  n u t r i e n t  (N and P) c o n t e n t  
than  th o se  lake s  w i t h  s te e p ,  p r e c i p i t o u s  b a s in s .
B a r lo w  and B ishop  (1965) s t u d i e d  phosphorus r e g e n e r a t i o n  by 
z o o p la n k to n  in Cayuga Lake, T h e i r  f i n d i n g s  were :  (1) 30% o f  th e  copepods
in Cayuga Lake were found  In th e  h y p o l im n io n ,  (2) 90% o f  th e  c la d o c e ra n s  
remained In the  e p i l i m n e t i c  w a t e r s ,  and (3) th e se  c la d o c e ra n s  l i b e r a t e d  
up t o  80% o f  th e  phosphorus  a v a i l a b l e  in  th e  e p i l i m n  io n ,  w h ich  was
s u f f i c i e n t  t o  s u p p ly  th e  r e q u i r e m e n ts  o f  the p h y t o p la n k t o n  f o r  t h a t
p e r i o d
Sawyer (1947) s t u d i e d  s e v e ra l  W isco n s in  lake s  and sugges ted  
t h a t  0 .3 0  mg/1 I n o r g a n i c  n i t r o g e n  and 0.01 s o l u b l e  phosphorus a t  th e  
s t a r t  o f  th e  a c t i v e  g ro w in g  season wou ld  p roduce  n u isa n ce  a l g a l  b looms.
Pennak (1946) a d v is e d  l l m n o l o g l s t s  n o t  t o  o v e r -e m p h a s Î ze th e  
Im por tance  o f  one o r  two n u t r i e n t s ,  b u t  r a t h e r  t h a t  th e y  must a l s o  con ­
s i d e r  t h e  p o s s i b l e  l i m i t i n g  f a c t o r  o f  t r a c e  e le m e n ts ,  d i s s o l v e d  o r g a n i c
compounds and, somet imes,  th e  r a t i o  o f  c e r t a i n  io n s .
B a r ts c h  ( I 9 6 I )  found  no d i r e c t  c o r r e l a t i o n  between th e  concen­
t r a t i o n  o f  N and P and th e  number o f  o rg an ism s  o f  a l l  s o r t s  per  l i t e r  o f  
la ke  w a t e r .  T h i s  phenomenon m ig h t  be a ccoun ted  f o r  by m ass ive  g ro w ths  
o f  r o o te d  and f l o a t i n g  v a s c u l a r  p l a n t s ,  w h ich  compete f o r  n u t r i e n t s  
w i t h  th e  p h y t o p la n k t o n .
Sawyer (1969) has exp ressed  th e  dynamic r e l a t i o n s h i p s  o f  
n u t r i e n t s  in  t h e  m ic rocosm:  " f u n d a m e n t a l l y  lake s  a re  g i a n t  s e d im e n ta t i o n  
b a s in s  . . . th e y  se rv e  as g i a n t  r e a c t i o n  v e s s e ls  f o r  b i o l o g i c a l  
phenomena i n c l u d i n g  p r o d u c t i o n  o f  bo th  p l a n t s  and a n i m a l s . "  He adds,  
" O n ly  a f r a c t i o n  o f  th e  n u t r i e n t s  e n t e r i n g  a l a k e  escape in  i t s  e f f l u e n t  
because most become i n c o r p o r a t e d  i n t o  a q u a t i c  p l a n t s ,  p la n k to n  and o t h e r  
fo rms o f  l i f e ,  w h ich  e v e n t u a l l y  d i e  and s e t t l e  t o  th e  la k e  b o t to m ,  a re  
s u b s e q u e n t l y  decomposed, and become a v a i l a b l e  a g a in  as n u t r i e n t s . "
Pe ch la n e r  (1970) d e s c r ib e d  p h y t o p la n k t o n  blooms in Lake Erken 
(Sweden) t o  r e s u l t  f rom  i t s  s h a l l o w  dep th  and a s lo w  w a te r  renewal! r a t e .  
H is  d a ta  d e s ig n a te s  t h r e e  m a jo r  a reas  w h ich  r e l a t e  t o  c o n s i d e r a t i o n  
o f  a h ig h  n u t r i e n t  sys tem: t l )  m o rp h o lo g y ,  ( 2) m e t e o r o l o g i c a l  c o n d i ­
t i o n s ,  and (3 ) geochem ica l  c o n d i t i o n s .
Rawson ( I 96O) compared tw e lv e  l a r g e  remote lake s  in  n o r t h e r n  
Saskatchewan t o  e s t a b l i s h  a b a s e l i n e  f o r  p r o d u c t i v e  c a p a c i t i e s  o f  lakes  
un touched  by c u l t u r a l  e n r i c h m e n t .  He i n d i c a t e d  th e  p re s e n t  p r o d u c t i o n  
was l a r g e l y  th e  r e s u l t  o f  th e  g e o l o g i c a l  h i s t o r y ,  th e  deve lopment  o f  
s o i l  and v e g e t a t i o n ,  and th e  p r e s e n t  c l i m a t e .
T h is  I n v e s t i g a t i o n  f o l l o w s  two p r e v io u s  s t u d i e s ,  th e  f i r s t  o f
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w h ic h  was made by D r u y v e s t e î n  o v e r  th e  p e r io d  September, 1967 t o  
A u g u s t ,  1968. D r u y v e s t e Î n ' s work  was done f o r  th e  F o re s t  S e r v i c e  to  
g a in  b a s i c  i n f o r m a t i o n  on th e  w a te r  q u a l i t y  o f  See ley  Lake. A y e a r  
p r i o r  t o  h i s  s tu d y  th e  town o f  See ley  Lake i n s t a l l e d  a m u n ic i p a l  w a te r  
system t h a t  ta ke s  w a t e r  f ro m  th e  la k e  a t  a p o i n t  v e r y  near  sa m p l in g  
s t a t i o n  5 (see page 17).
D u r in g  th e  summer o f  I 969 t h r e e  s tu d e n ts  f rom  th e  U n i v e r s i t y  o f  
Montana B i o l o g i c a l  S t a t i o n  (Moos, Moyer,  and F r a n k ie ,  1969) ,  under  th e  
d i r e c t i o n  o f  Dr.  A. R. G a u f i n ,  conduc ted  a l i m n o l o g i c a l  s u rv e y  o f  the  
la k e .  They r e p o r t e d  an in c re a s e  in th e  o r t h o - p h o s p h a t e  c o n t e n t  o f  th e  
l a k e  w a te r  d u r i n g  th e  summer. In a d d i t i o n ,  s i g n i f i c a n t  c o l i f o r m  l e v e l s  
were found  a t  some sa m p l in g  s t a t i o n s ,  i n c l u d i n g  th e  p resence  o f  f e c a l  
c o l i f o - 'm s c  A q u a l i t a t i v e  p h y t o p la n k t o n  a n a l y s i s  was a l s o  i n c lu d e d  in  
t h e i r  r e p o r t .
CHAPTER I I 
THE STUDY AREA 
Geology
The g e o l o g i c a l  h i s t o r y  o f  th e  C le a r w a t e r  d ra in a g e  Is  o f  I n t e r e s t  
and Is  h e l p f u l  In u n d e r s ta n d in g  th e  p r e s e n t  l im n o lo g y  o f  See ley  Lake,
The la k e  Is l o c a t e d  abou t  32 a i r  m i l e s  n o r t h e a s t  o f  M is s o u la  a t  
^ 7 ^ 1 0 '  -  47^ 1 3 ' n o r t h  l a t i t u d e ,  I 1 3 ° 2 8 '  -  I 1 3 °3 1 '  wes t  l o n g i t u d e ,  a t  a 
summer e l e v a t i o n  o f  3993 f e e t  above mean sea l e v e l .
S e e le y  Lake Is l o c a t e d  In a v a l l e y  bounded by th e  M is s io n  
m o u n ta in  Range on th e  w e s t ,  and th e  Swan Range on the  e a s t .  G e o l o g i c a l l y ,  
th e  M is s io n s  a re  o f  th e  M is s o u la  g ro u p ,  and th e  Swans a re  a P iegan 
f o r m a t i o n  (A lde n ,  1953)-  Both m ou n ta in  ranges a re  p r e d o m in a t e l y  s e d i ­
m e n ta ry  c a rb o n a te  r o c k s ,  and were h e a v i l y  g l a c i a t e d  d u r i n g  th e  P l e i s t o c e n e  
(A ld e n ,  1953) .
G l a c i a l  t i l l  and d r i f t  s u r ro u n d s  R a in y ,  A l v a ,  In e z ,  and See ley  
Lakes ,  w h i l e  Salmon Lake, f u r t h e r  down th e  d r a in a g e ,  o c c u p ie s  a ro ck  
b a s in  In a n a r ro w  g o rg e .
L a t e r a l  m o ra ine  d e p o s i t s  f rom  th e  C le a rw a te r  G l a c i e r  a p p ro x im a te  
th e  l e v e l s  o f  th e  f i r s t  f o u r  l ake s  In th e  C le a r w a t e r  c h a i n ,  and a w id e ,  
low ,  g r a v e l l y  t e r r a c e  e x te n d s  f rom  Lake Inez t o  See ley  Lake (A ld e n ,  1953) . 
Due t o  th e  s l i g h t  change In e l e v a t i o n  th e  v a l l e y  f l o o r  Is p o o r l y  d r a i n e d ,  
and th e  b o t t o m - la n d  Is  h i g h l y  o r g a n i c  and marshy (S. F, P e te r s o n ,  o r a l
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commun i c a t  i o n ) „
S o i l s  in  th e  d r a in a g e  b a s in  have n o t  been s t u d i e d ,  a l t h o u g h  the  
Uc S . S o i l  C o n s e r v a t i o n  S e r v i c e  i s  c u r r e n t l y  w o r k in g  on a s o i l  s u r v e y ,  
and r e p o r t  t h e y  have s t u d i e d  s o i l  t y p e s  f rom  th e  C le a r w a t e r  J u n c t i o n  
as f a r  as th e  Salmon Lake a rea  « The s u r f a c e  s o i l  i s  composed p r i m a r i l y  
o f  o r g a n i c  d e t r i t u s  and d e c a y in g  m a t e r i a l  f ro m  t r e e s ,  s h ru b s ,  and 
g ra s s e s .  I t  Is u n d e r l a i d  w i t h  r e s id u a l  s o i l s  f rom  g l a c i a l  t i l l  (S, F„ 
P e te r s o n ,  p e rs o n a l  c o m m u n ic a t i o n ) .  The l a k e  shore  is  composed a l t e r ­
n a t e l y  o f  f i n e  sand o r  s i l t  covered  g r a v e l .
CI I mate
Weather recof^ds a re  taken  d a i l y  a t  th e  See ley  Lake Ranger 
S t a t i o n  and show th e  ave rage  annual  t e m p e ra tu re  t o  be 41 degrees  
( F a r e n h e i t )  and th e  ave rage  annual  p r é c i p i t a t i o n  t o  be 22 in c h e s .  About 
' 5  inches  o f  t h a t  m o i s t u r e  i s  s t o r e d  in  th e  w i n t e r  s n o w f a l l  and surges 
down th e  C le a rw a te r  R iv e r  and I t s  t r i b u t a r i e s  in  l a t e  May and e a r l y  
June.  See ley  Lake g e n e r a l l y  has I c e - c o v e r  f ro m  l a t e  November u n t i l  
l a t e  A p r i l .
V e g e ta t  i on
The f o l l o w i n g  d e s c r i p t i o n  o f  f l o r a l  v e g e t a t i o n  around and a d j a ­
c e n t  t o  th e  lake  i s  based on a U, S F o r e s t  S e r v ic e  t i m b e r - t y p e  map 
p re p a re d  in  1965- About  500 a c re s  n o r t h  o f  th e  la k e  and im m e d ia te ly  
a d ja c e n t  t o  th e  C le a r w a t e r  R iv e r  i n l e t  i s  n o n - f o r e s t  land and i s  d e n s e ly  
co ve re d  by t h i c k e t s  o f  m o un ta in  a l d e r  ( A lnus  t e n u i f o l i a ) .  T h i s  a rea  Is 
r e a d i l y  d i s c e r n e d  in  a e r i a l  p h o to g ra p h s  (see P l a t e  1 ) ,
>1
w
P is te  I I .  Ba thymetr ic  map o f  Seeley Lake, w i t h  ten fo o t  con tour  i n t e r v a l s  d rawn.
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T a b le  1, M o rp h o m e t r i c  d a ta  f o r  See ley  Lake
Max i mum Length 3 ,25 m i 1 es
Maximum E f f e c t  Ive Length 3 .0 3 m 11 es
Max i mum W id th 0 .6 6 m I 1 es
Max Î mum E f f e c t  ! ve W id th 0 .6 6 m I 1 es
Mean Wi d th 0 .45 m 1les
Max I mum Depth 3 6 .5 m (120 f t )
Mean Depth 1 8 . 1 m (5 9 .9  f t )
Area 863, ?2 a c re s
Vo ume 51,762 a c r e - f t
Length o f  Shore l  i ne 8,21 ml 1 es
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Lodgepo le  p in e  ( P inus  c o n t o r t a )  dom ina tes  th e  f o r e s t  s u r r o u n d in g  
th e  l a k e ,  and s e v e r a l  hundred m e te rs  f rom  th e  l a k e  medium s to cke d  (5 "  -  
10" d i a m e t e r )  w h i t e  p in e  ( P inus  m o n t i c o l a ) and w e s te rn  l a r c h  ( L a r i x  
o c c i d e n t a l i s )  become abundant» S lopes  on th e  nea rb y  m ou n ta in s  a re  a l s o  
i n t e r s p e r s e d  w i t h  d o u g la s  f i r  ( Pseudotsuga m e n z i e s l i ) and ponderosa 
p in e  ( P inus  p o n d e r o s a ) .
Human P o p u l a t i o n  and Land Use
A p a l e o l i m n o l o g i S t  c o u ld  a p p ro x im a te  th e  b a s i c  p r o d u c t i v i t y  o f  
S ee ley  Lake ( i . e . ,  b e f o r e  c u l t u r a l  i n f l u e n c e s )  s e v e r a l  hundred yea rs  
ago;  w i t h  t h i s  i n f o r m a t i o n  we c o u ld  q u a n t i t a t i v e l y  i d e n t i f y  th e  p a r t  
t h a t  d o m e s t ic  e n r i c h m e n t  has p la y e d .
W. T. Edmondson (1969) gathered from Indian s t o r ie s  th a t  Lake 
Oneida in New York supported a lg a l  blooms before  the l8 t h  Century,  a 
r e s u l t  o f  the geology and morphometry o f  the lake» On the o th e r  hand, 
almost a l l  newly impounded r e s e r v o i r s  e x h i b i t  an i n i t i a l  high p r o d u c t i ­
v i t y  from n u t r i e n t s  r e s u l t i n g  from the  f looded s o i l  and decaying  
v e g e ta t io n  ( S o l t e r o ,  1971)*  A f t e r  severa l  years the n u t r i e n t s  are  
leached out and p r o d u c t i v i t y  decreases.
In c o n s i d e r i n g  b a s ic  p r o d u c t i v i t y  f o r  See ley  Lake two p o i n t s  a re  
I m p o r t a n t :
1. Geology -  th e  l a k e  b a s in  was fo rmed by a g l a c i e r ,  and th e  
d r a in a g e  a re a  i s  p r e d o m in a t e l y  s e d im e n ta r y  c a rb o n a te  r o c k .
2 .  Morphometry  -  (a) th e  la ke  d r a i n s  p o o r l y  f rom  i t s  o u t l e t  
(n e a r  th e  m id d le  o f  th e  west  sh o re )  and i t  i s  c o n f i n e d  t o  th e  n o r t h  and 
w e s t  by low p l a i n s  s u b j e c t  t o  s p r i n g  f l o o d i n g ,  (b) th e  bo t tom  i s  h e a v i l y
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s i l t e d  and o r g a n i c ,  amd (c )  th e  mean d e p th  îs 18.1 m e te r s .
C i v i l i z a t i o n  i s  a r e l a t i v e l y  new phenomenon in  th e  C le a r w a t e r  
b a s i n ,  and i t  has p roceeded r a p i d l y  s i n c e  t h e  b e g in n in g  o f  th e  2 0 th  
C e n tu r y .  In 1907 a d i r t  dam was com p le ted  a c ro s s  th e  C le a r w a t e r  R iv e r ,  
a p p r o x i m a t e l y  two m i l e s  downstream f ro m  th e  o u t l e t  o f  See ley  Lake.
The dam was b u i l t  by th e  B ig  B l a c k f o o t  M i l l i n g  Company ( s i n c e  purchased 
by th e  Anaconda Company) t o  s t o r e  s u f f i c i e n t  w a te r  f o r  huge lo g  d r i v e s  
f ro m  S e e le y  Lake 50 m i l e s  downstream t o  th e  Bonner s a w m i l l .  The dam 
i n i t i a l l y  r a i s e d  th e  w a te r  l e v e l  s u f f i c i e n t l y  t o  f l o o d  300 a c re s  o f  
meadowland and j a c k  p in e  on th e  upper  ( n o r t h e r n )  end o f  th e  l a k e .  I t  
remained i n t a c t  a b o u t  20 y e a rs  a f t e r  th e  l a s t  b ig  lo g  d r i v e  in  1911, 
and was u t i l i z e d  as a b r i d g e  a c ro s s  th e  r i v e r  u n t i l  th e  f i r s t  c o u n ty  
b r i d g e  was b u i l t  d u r i n g  th e  d e p r e s s io n .  Hundreds o f  logs  r e p o r t e d l y  
sank t o  t h e  b o t to m  o f  Se e le y  Lake between 1907 and 1911 as th e  logs  
backed up between t h e  i n l e t  apd th e  o u t l e t .
CHAPTER I I I
METHODS AND MATERIALS
Weekly  samples were taken  a t  e le v e n  sa m p l in g  s t a t i o n s  f rom  
June 20 t o  O c to b e r  30 ,  1970, and m o n th ly  t h e r e a f t e r  a t  s i x  s t a t i o n s  
u n t i l  June ,  1971. The s t a t i o n s  i n c lu d e d  th o se  p r e v i o u s l y  e s t a b l i s h e d  
by Moos e t  a l  (1969) p lu s  a d d i t i o n a l  ones a t  th e  low e r  end o f  th e  l a k e .  
Sampl ing  s t a t i o n s  were a t  th e  f o l l o w i n g  l o c a t i o n s :
S t a t i o n  No, Lo ca t  ion
1 The C le a r w a t e r  R i v e r ,  a p p r o x i m a t e l y  two m i l e s  above th e
i n l e t ,  s u r f a c e  sample .
2 Above th e  m u n ic i p a l  w a te r  i n t a k e ,  a p p r o x i m a t e l y  100 
m e te rs  o f f s h o r e ,  s u r f a c e  sample .
3 Above th e  w a t e r  i n t a k e ,  d e p th  o f  10 m e te rs .
4 Above t h e  w a t e r  i n t a k e ,  de p th  o f  20 m e te rs .
5 Near th e  w a te r  i n t a k e ,  bo t to m  — a p p r o x i m a t e l y  25 m e te rs ,
6 Se e le y  Lake o u t l e t ,  s u r f a c e  sample f ro m  th e  Camp Paxton
dock .
7 B ig  L a rch  Campground, 100 m e te rs  o f f s h o r e ,  s u r f a c e  
sample .
8 South  end o f  l a k e ,  m id d le  o f  th e  la ke  a p p r o x i m a t e l y
75 m e te rs  f ro m  th e  South  s h o r e ,  s u r f a c e  sample .
9 Eas t  l a k e  s h o r e ,  a p p r o x i m a t e l y  1 /4  m i l e  f ro m  th e  South
end o f  th e  l a k e ,  25 m e te rs  o f f s h o r e ,  s u r f a c e  sample ,
10 West l a k e  s h o re ,  a p p r o x i m a t e l y  1 /4  m i l e  f ro m  th e  South
end o f  th e  l a k e ,  25 m e te rs  o f f s h o r e ,  s u r f a c e  sample .




S t a t io n  1
S t a t i o n  11
-lOOi S t a t i o n s
s u r f a c e
20 m
m (b o t to m )
S t a t i o n  6
S t a t i o n  7
S t a t i o n  9
S t a t i o n  10
S t a t i o n  8
P l a t e  I I I .  Map o f  S e e le y  Lake w i t h  s a m p l in g  s t a t i o n s  I n d i c a t e d
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S u r fa c e  samples were taken  d i r e c t l y  in  p o l y e t h y l e n e  b o t t l e s ,  and 
d e p th  samples were  taken  w i t h  a o n e - l i t e r  Kemmerer w a te r  sam p l ing  b o t t l e .  
A l l  s t o r a g e  b o t t l e s  were r i n s e d  t w i c e  b e fo r e  b e in g  f i l l e d  w i t h  th e  w a te r  
sam p les .  Samples were p la c e d  im m e d ia te ly  in  an i c e  c h e s t  t o  m in im iz e  
gas l o s s  o r  chem ica l  change due t o  a r i s e  in  t e m p e r a tu re  d u r i n g  t r a n s p o r t .
A l l  a n a ly s e s  were made w i t h i n  48 hours  a f t e r  c o l l e c t i o n .
Water  C h e m is t ry
Measurements o f  hydrogen ion  c o n c e n t r a t i o n  (pH) were d e te rm in e d  
w i t h  a C o rn in g  Model 12 re s e a rc h  pH m e te r .
Carbon d i o x i d e  and a l k a l i n i t y  v a lu e s  ( b i c a r b o n a t e  and c a rb o n a te )  
were d e te rm in e d  by s ta n d a rd  t i t r a t i o n s  w i t h  N/44 sodium h y d r o x id e  and
0 .0 2  N s u l f u r i c  a c i d ,  r e s p e c t i v e l y  (Needham and Needham, 1962) .  The 
o t h e r  ch e m ica l  t e s t s  were c a r r i e d  o u t  u s in g  methods and m a t e r i a l s  s u p p l i e d  
by th e  Hach Chemical Company, These t e s t s  i n v o l v e d  th e  use o f  th e  Hach 
f i e l d  k i t ,  model DR-EL, and th e  Bausch and Lomb S p e c t r o n i c  20 C o l o r i m e t e r ,  
The s p e c i f i c  t e s t s  used were as f o l l o w s :
A. Hach f i e l d  k i t
1. O r th o -p h o s p h a te  - -  S tannaVer method
2. C h l o r i d e  —  M e r c u r i c  N i t r a t e  method
3 .  C a lc ium  Hardness - -  EDTA method
4. T o t a l  Hardness — EDTA method
5. D is s o l v e d  Oxygen - -  M o d i f i e d  A z i d e - W i n k l e r  method u s in g
PAO (60 m l .  w a t e r  samples were c o l l e c t e d  and " f i x e d "  in  th e
f i e l d .  29 m l .  w a t e r  samples were used in  the  t i t r a t i o n s ) .
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B, S p e c t r o n î c  20 C o l o r im e t e r
1. T u r b i d i t y  - -  D i r e c t  measurement in  Jackson u n i t s
2. S u l f a t e  T u r b i d i m e t r i c  method
3 .  I r o n  - -  P e r r o v e r  powder, 1, 10 P h e n a n o th r o l i n e  method
4 .  Manganese - -  Cold  P e r io d a t e  O x i d a t i o n  method
5. Copper — C u p re th o l  powder method
6. N i t r a t e  - -  N i t r a V e r  11 method
7. N i t r i t e  - -  N i t r i V e r  method
B io c h e m ic a l  oxygen demand d e t e r m i n a t i o n s  were made as d e s c r ib e d  
by th e  Amer ican  P u b l i c  H e a l th  A s s o c i a t i o n  (1 9 7 1 ) .
A Foxboro  P o r t a b l e  Tem pera tu re  I n d i c a t o r  model 7125 was used t o  
make t e m p e ra tu re  p r o f i l e s  a t  s t a t i o n s  2 ,  7» and 8 ,  The g a lv a n o m e te r  
r e a d in g s  o b t a in e d  were c o n v e r te d  i n t o  c e n t i g r a d e  t e m p e ra tu re s .  S u r fa c e  
te m p e ra tu re s  a t  a l l  s t a t i o n s  were measured w i t h  a s ta n d a rd  m ercury  
the rm o m ete r .
The r e l a t i v e  w a t e r  t r a n s p a r e n c y  was measured a t  s t a t i o n s  2, 7» 
and 8 w i t h  a Secchi d i s c .  The d i s c  c o n s i s t s  o f  a w h i t e  p l a t e ,  20 cm 
in  d i a m e t e r ,  t o  w h ich  was a t t a c h e d  a l i g h t  rope marked t o  h a l f  m e te r  
i n c re m e n ts .
Lake bo t to m  samples f ro m  s t a t i o n s  5 ,  6 ,  and 11 were c o l l e c t e d  
June 12, 1971, w i t h  a 15 x 15 x 23 cm t a l l  Ekman d re dg e .  Each sample 
was s ie v e d  th ro u g h  a No. 30 mesh b ra s s  sc reen  (Welch,  1948) .  The o r g a n ­
isms were s e p a ra te d  f ro m  th e  r e s id u e  w i t h  f o r c e p s ,  then  p re s e rv e d  in  
70 -75  p e r c e n t  e th a n o l  f o r  l a t e r  i d e n t i f i c a t i o n .
Feca l  and t o t a l  c o l i f o r m  d a ta  was o b t a in e d  by th e  M i l l i p o r e
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F i l t e r  t e c h n iq u e ,  a c c o r d in g  to  S tanda rd  Methods (1971 ) -  A l l  c o u n ts  were 
based on 100 ml w a te r  samples. The t o t a l  c o l i f o r m  t e s t s  were run on 
Endo b r o t h  media o b t a in e d  f ro m  th e  M i l l i p o r e  C o r p o r a t i o n  ( B e d fo rd ,  
M a s s a c h u s e t t s ) .  D i f c o  powdered PC B ro th  Base ( t o  w h ich  s t e r i l e  d i s t i l l e d  
w a te r  and r o s a l i c  a c id  was added) was used in  th e  f e c a l  c o l i f o r m  t e s t s .  
Samples were in c u b a te d  f o r  2k h o u rs ,  then  coun ted  w i t h  a Bausch and 
Lomb d i s s e c t i n g  m ic ro s c o p e .
P1an k to n
Samples o f  s u r f a c e  w a te r  were c o l l e c t e d  a t  s t a t i o n s  1, 2 ,  6, 
and 8 f o r  q u a n t i t a t i v e  p la n k t o n  c o u n t s .  Those c o u n ts  were made u s in g  a 
S e d g e w ic k -R a f t e r  c o u n t i n g  c e l l .  Each 500 ml w a te r  sample was concen­
t r a t e d  t o  a volume o f  2 t o  3 ml in  a F o e r s t  p la n k to n  c e n t r i f u g e .  The 
vo lume o f  th e  p la n k to n  c o n c e n t r a t e  was in c re a s e d  to  10 m l ,  then  a one 
ml sample was p la ce d  in  th e  c o u n t i n g  c e l l ,  and ten  random f i e l d s  were 
c o u n te d .  The number o b t a in e d  was c o n v e r te d  t o  o r g a n is m s /m l .
Q u a l i t a t i v e  p la n k t o n  samples were c o l l e c t e d  u s in g  a W isco n s in  
p la n k t o n  n e t  w i t h  No. 20 mesh s i l k  b o l t i n g  c l o t h .  P h y to p la n k to n  were 
i d e n t i f i e d  t o  genera u s in g  keys deve loped  by P r e s c o t t  (1951» 1964) ,
Pennak (1953)»  and Needham and Needham (1 9 6 2 ) .  Z o o p la n k to n  i d e n t i f i c a ­
t i o n  was made by Dav id  S, P o t t e r ,  u s in g  th e  keys o f  B i r g e  (1 9 1 8 ) ,  Brooks 
(1957,  1959)» and Deevey and Deevey (1 9 7 1 ) .
P r im a ry  P r o d u c t i v i t y
P l a n k t o n i c  p r im a r y  p r o d u c t i v i t y  d e t e r m i n a t i o n s  were made u s in g  
b o th  th e  c l a s s i c  oxygen l i g h t  and d a r k  b o t t l e  t e c h n iq u e  and th e  more
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r e c e n t  ca rb o n  -  14 method.
The oxygen method employed two l a r g e  anchored  buoys w i t h  l i g h t  
and d a r k  300 ml b o t t l e s  a t t a c h e d  t o  a v e r t i c a l  c a b le  a t  one mete r  
i n t e r v a l s ,  f ro m  th e  s u r f a c e  t o  s i x  m e te rs  d e p th .  W i n k le r  d i s s o l v e d  
oxygen d e t e r m i n a t i o n s  were made i n i t i a l l y  and a f t e r  e xposu re  f ro m  dawn 
u n t i l  one p.m. ( i . e . ,  o n e - h a l f  the  p h o t o p e r i o d ) .  C a l c u l a t i o n  o f  p r o ­
d u c t i v i t y  was made a c c o r d in g  t o  S tandard  Methods (1 9 71 ) .
The a p p a ra tu s  used f o r  th e  c a rb o n -1 ^  method was s i m i l a r  t o  t h a t  
d e s c r ib e d  above f o r  th e  oxygen method. L i g h t  and d a rk  300 ml b o t t l e s  
were i n j e c t e d  w i t h  2 m i c r o c u r i e s  o f  c a r b o n - l 4  l a b e le d  sodium c a r b o n a te ,  
u s in g  2 . 5  cc d i s p o s a b le  s y r i n g e s .  The samples were mixed w e l l ,  then  
p la c e d  a t  two m e te r  i n t e r v a l s  f rom  th e  s u r f a c e  t o  t h i r t e e n  m e te rs  t o  
i n c u b a te  f o r  o n e - h a l f  th e  p h o t o p e r i o d .  D is s o l v e d  carbon  was d e te rm in e d  
by t i t r a t i o n  f o r  t o t a l  a l k a l i n i t y ,  and ca rbon  d i o x i d e  was measured 
a c c o r d in g  to  S tandard  Methods (1 9 71 ) .
A f t e r  th e  s i x  hour  e xp osu re  p e r io d  the  b o t t l e s  were p ic k e d  up 
and in  th e  l a b o r a t o r y  200 ml o f  each sample was f i l t e r e d  th ro u g h  a 
M i l l i p o r e  f i l t e r  d i s c  o f  0 .4 5  u po re  s i z e .  Im m e d ia te ly  b e fo r e  the  
a n a l y s i s  th e  f i l t e r s  were exposed t o  fum ing  HCL f o r  ten  m in u te s  to  
d r i v e  o f f  a l l  i n o r g a n i c  C - l 4  r e t a i n e d  in  th e  p e r i p h y t i n .  R a d io a c t i v e  
ca rbon  was co un ted  f ro m  each f i l t e r  u s in g  a N u c le a r  Chicago l i q u i d  
s c i n t i l l a t i o n  c o u n t e r .
Morgan (1971) d e s c r ib e d  th e  f o l l o w i n g  c a l c u l a t i o n s  used to  
d e te r m in e  n e t  p r o d u c t i v i t y .  Counts p e r  second (cps )  f o r  each sample 
were d e t e r m in e d ,  then th e  co u n ts  f o r  th e  d a rk  b o t t l e s  were  s u b t r a c t e d
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from the counts f o r  the l i g h t  b o t t l e s  a t  the var ious  depths. The cps
a re  then used in de te rm in ing  the amount o f  C - l4  a s s i m i la t e d ,
(1) C - l 4  a s s i m i l a t e d  = n e t  cps ( L t .  -  Dk. b o t t l e )
T o t a l  cps ( t o t a l  no. o f  m i c r o c u r i es 
added x  3 . 7  x  10^ cps)
The formula  f o r  a s s im i la te d  carbon Is then used:
(2) C-12 a s s i m i l a t e d  = C - l 4  a s s i m i l a t e d  x C-12 a v a i l a b l e
C - 14 ava i l a b l e
The f i n a l  working formula  f o r  the m i l l ig ra m s  of  carbon
per l i t e r  per day (mg/1 /day) becomes:
(3 )  24 X  C-12 X  Ef X  S ^ x  K = mgC/1/day
Where :
Cr = n e t  c o u n ts  per  second
Ct = t o t a l  a c t i v i t y  in  co u n ts  per  second
T = hours  o f  i n c u b a t i o n
C-12 = a v a i l a b l e  s t a b l e  carbon  In mg/1
Ef = c o u n t e r  e f f i c i e n c y
St = amount o f  sample in  ml
Ss = amount o f  subsample in  ml
K = constant  o f  1 ,05 f o r  C-14 slower uptake  
(mass e f f e c t )
M u l t i p l y i n g  by 1000 1/m^ = m i l l i g r a m s  o f  ca rbon  per  c u b ic
m e te r  pe r  day (mgC/m^/day)
CHAPTER IV
RESULTS
Water C h e m is t ry  
Range and mean w a te r  c h e m is t r y  f o r  s t a t i o n s  1, 2 , and 6 Is
p re s e n te d  in  T a b le  2. Samples f ro m  s t a t i o n  1 e x h i b i t e d  n i t r a t e  n i t r o g e n
c o n c e n t r a t i o n s  ra n g in g  f ro m  0 .0 2  t o  0 .4 0  mg/1 ,  w i t h  a mean o f  0 .1 6 ,
T h is  c o n c e n t r a t i o n  o f  n i t r a t e  i s  n o t  e x c e s s iv e  (Coker ,  1968) and p r o ­
b a b l y  Is  l a r g e l y  f ro m  th e se  s o u rc e s :  (a) a tm osphe re ,  (b) d e c o m p o s i t i o n
o f  o r g a n i c  m a t t e r  ( I . e . ,  a c t i o n  o f  n i t r i f y i n g  b a c t e r i a  on ammonia) such 
as dead p l a n t  m a t e r i a l  and fe c e s  o f  d o m e s t ic  and w i l d  a n im a l s ,  (c)  n i t r o g e n  
f ro m  th e  r o o t s  o f  n i t r o g e n  f i x i n g  a l d e r  bushes ,  w h ich  grow In abundance 
a lo n g  th e  banks o f  th e  C le a r w a t e r  R iv e r  I n l e t ,  and (d) le a c h in g  f rom
c l e a r - c u t  a re a s  In th e  d r a in a g e  b a s in .
N i t r i t e  n i t r o g e n  was t e s t e d  d u r i n g  the  summer o f  1970, and in  
a l l  samples was le s s  than  0.001 mg/1 . The n i t r a t e  d a ta  r e p r e s e n ts  
n i t r o g e n  in  th e  fo rm  a v a i l a b l e  f o r  m e t a b o l i c  a s s i m i l a t i o n ,  because 
NO” -N and NH^-N a re  n o t  u t i l i z e d  by h ig h e r  p l a n t s  u n t i l  c o n v e r te d  t o  
n i t r a t e  by n i t r i f y i n g  b a c t e r i a  (C oke r ,  1968) .
N i t r o g e n  gas f ro m  th e  a tmosphere  Is u t i l i z e d  by the  b lu e - g r e e n  
a lg a e  ( e . g .  Anabaena s p . ) ,  t h e r e f o r e ,  an excess o r  s c a r c i t y  o f  d i s s o l v e d  
n i t r o g e n  Is  n o t  c r u c i a l  t o  t h e i r  deve lopm en t  and m a in tenance  ( H u tc h in s o n ,
1967) .
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Figure 1. Monthly average of n i t r a t e  concentrations (mg/1) 
for the in f luent  and e f f lu e n t  waters of Seeley 




T a b le  2. Range and mean o f  w a te r  c h e m is t r y  and p h y s i c a l  measurements 
o f  See ley  Lake f o r  1970-71•
NOj (mg/1)
O r tho -PO ^  (mg/1)
Ca**  hardness  (mg/1) 
T o t a l  hardness  
HCOg (mg/1)
SO^ (mg/1)
C l ’  (mg/1)
,Fe++ (mg/1)
Mn**"*" ( m g / l )
(mg/1) 
T u r b i d i t y  ( J . T . U . )  
pH Range 
T e m p e ra tu re  (C)
D. 0 . (mg/1)
C O2 (mg/1)
S t a t i o n  1 S t a t i o n  2 S t a t i o n  6
0 .0 2 -0 .4 1 0 . 0 1 - 0 . 4 0 0 . 01- 0 .5 0
0 .1 6 0 .1 0 0 .1 0
0 . 0 2 - 0 . 8 8 0 . 01- 0 . 2 5 0 .0 1 -0 .2 1
0 .1 0 0 .0 7 0 .0 5
30-58 25-40 22-45
40 31 .5 31
35-50 33-35 32-40
43 34 3 4 . 5
45-73 30-60 32-55
60 50 51
5 . 0 - 1 0 . 0 3 . 0 - 11.0 4 . 0 - 1 1 . 0
6 ,7 6 .2 6 .2
2 . 0 - 4 . 5 1 . 0 - 2 . 5 1 . 0 - 2 . 5
3.1 2 .0 2 .0
0 . 05- 0 .13 0 .0 1 -0 .1 1 0 .0 1 - 0  12
0 .0 8 0 .0 5 0 , 0 5
0 . 0 4 - 0 . 2 0 0 . 03- 0 . 09 0 . 03 - 0 .2 0
0 .0 5 0 05 0 .0 5
0 . 0 2 - 0 .13 0 .0 2 -0 .1 1 0 . 0 2 - 0 .17
0 .0 6 0 .05 0 .0 5
1-18 2-18 1 - 18
6 7 7
6 . 8 - 8 / 3 6 . 9 - 9 . 0 6 . 9 - 8 .9
8 .0 8 .0 8 .0
0 . 0 - 18.5 0 0 - 2 2 . 0 0 . 0 - 2 2 . 0
9 . 8 15.9 13,1
6 . 6 - 1 2 , 2 6 .0 -1 1  .0 6 . 4 - 1 2 , 0
9.1 8 .0 8 .7
0 . 0 - 2 . 5 0 . 0 - 5 . 0 0 0 - 4 . 0
1 . 1 1.4 1 .4
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N i t r a t e  c o n c e n t r a t i o n s  f o r  s t a t i o n s  1-8 a re  p re s e n te d  In 
T a b le  15. N i t r a t e  v a lu e s  were lo w e s t  d u r i n g  th e  l a s t  weeks o f  summer, 
and h i g h e s t  d u r i n g  th e  1971 s p r i n g  r u n - o f f .
O r th o -p h o s p h a te  ( i n o r g a n i c )  c o n c e n t r a t i o n s  were c o n s i s t e n t l y  
h i g h e r  f ro m  s t a t i o n  1 than a t  th e  o t h e r  l a c u s t r i n e  s t a t i o n s ,  e s p e c i a l l y  
d u r i n g  th e  summer g ro w in g  season. A p p a r e n t l y  phosphorus Is  u t i l i z e d  
by a q u a t i c  p l a n t s  and p la n k to n  a lm o s t  as f a s t  as I t  becomes a v a i l a b l e .  
H u tc h in s o n  and Bowen (1950) d e s c r ib e d  th e  u p ta ke  o f  r a d i o a c t i v e  P-32 
by l i v i n g  o rg a n is m  t o  be a lm o s t  immed ia te .
S t a t i o n  1 e x h i b i t e d  an o r t h o - p h o s p h a t e  mean v a lu e  o f  0 .1 0  mg/1, 
and th e  mean v a lu e s  a t  s t a t i o n s  2 and 6 were 0 .0 7  and 0 .0 5 ,  r e s p e c t i v e l y ,  
These mean v a lu e s  a r e  perhaps h ig h  because th e  o r t h o - p h o s p h a t e  t e s t  was 
p e r fo rm ed  w i t h  th e  Hach k i t  c o l o r i m e t e r ,  w h ich  has a minimum re a d in g  o f  
0.01 mg/1 . Mackenthun (1969) has c o r r e l a t e d  phospha te  c o n c e n t r a t i o n s  
above 0.01 mg/1 w i t h  n u is a n c e  weed and a l g a l  c o n d i t i o n s .
The range f o r  c a l c i u m  hardness  da ta  was 30 t o  58 mg/1, w i t h  a 
mean o f  4 0 . Mean v a lu e s  a t  s t a t i o n s  2 and 6 were 31 mg/1. T o ta l  
ha rdness  a t  s t a t i o n  1 e x h i b i t e d  a range o f  35 t o  50 and a mean o f  41 
mg/1 .  Lake w a te r  had a mean o f  34 mg/1 t o t a l  h a rdness .
B i c a rb o n a te  a l k a l i n i t y  v a lu e s  f o r  th e  C le a rw a te r  R ive r  I n l e t  
were c o n s i s t e n t l y  h i g h e r  than  th e  l a k e .  Mean v a lu e s  were 60, 50, and 51 
mg/1 a t  s t a t i o n s  1, 2 , and 6 ,  r e s p e c t i v e l y .  A l k a l i n i t y  Is  h i g h e s t  a t  
Ra iny  Lake, a t  th e  to p  o f  th e  C le a r w a t e r  b a s in ,  w i t h  a v a lu e  o f  abou t  
100 mg/1 ,  and i t  d rops  g r a d u a l l y  in c o n c e n t r a t i o n  th ro u g h  Lakes A lva  and 
In e z .  Carbona te  a l k a l i n i t y  was t e s t e d  f o r  r o u t i n e l y ,  y e t  was never
0.26
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Figure 2. Monthly average of ortho-phosphate concentrations  
(mg/1) for  the in f luent  and e f f lu e n t  waters of  
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Figure 3* Monthly average of a l k a l i n i t y  (mg/l HCOn) for  
the in f lu e n t ,  e f f lu e n t  and surface waters of  
Seeley Lake during the 1970-71 sampling period.
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d e t e c t e d ;  even when e xp ec te d  d u r i n g  th e  a l g a l  bloom when th e  pH rose 
above 8 . 3 .
The s u l f a t e  a n io n  does n o t  f l u c t u a t e  g r e a t l y  in  See ley  Lake.
T e s t  r e s u l t s  g i v e  a mean v a lu e  o f  6 .2  mg/1 f o r  l a ke  w a te r  ( s t a t i o n s  
2 -8 )  and s l i g h t l y  h i g h e r  mean o f  6 .7  mg/1 s u l f a t e  f o r  the  C le a rw a te r  
R iv e r  ( s t a t i o n  1 ) .
M e t a l l i c  ions  in  w a te r  (Fe, Mn, and Cu) have been c h a r a c t e r i z e d  
as m i c r o n u t r i e n t s  w h ich  a re  necessa ry  f o r  normal a q u a t i c  g ro w th  ( R u t t n e r ,  
1963) ,  These ions  were found t o  be p r e s e n t  in  See ley  Lake in  the  
a ve rag e  amount o f  0 .0 5  mg/1 pe r  m e t a l .  These c o n c e n t r a t i o n s  a re  in  
excess  o f  what i s  needed f o r  g ro w th  o f  l i v i n g  o rg a n is m s ,  b u t  a re  f a r  
under  th e  c o n c e n t r a t i o n s  w h ich  would  p roduce  h a rm fu l  o r  t o x i c  e f f e c t s  
(P a lm e r ,  1959) .
T u r b i d i t y  measurements ranged f ro m  1-18 Jackson T u r b i d i t y  U n i t s ,  
w i t h  means o f  6 a t  s t a t i o n  1, and 7 a t  bo th  s t a t i o n s  2 and 6. T u r b i d i t y  
was found  t o  r e s u l t  f rom  bo th  a 1lo ch th o n o u s  and a u to ch th o n o u s  sources  
( H u tc h in s o n ,  1957) .  T u r b i d i t y  a t  s t a t i o n  1 was p r e d o m in a t e l y  i n e r t  
s o l i d s  ( s i l t  and sand) and reached a h ig h  d u r i n g  th e  peak p e r io d  o f  
s p r i n g  r u n o f f  in May, 1971. The s i l t  load  o f  th e  C le a r w a t e r  R iv e r  has 
no d o u b t  i n c re a s e d  th e  p a s t  s e v e ra l  decades f rom  e r o s io n  due t o  road 
b u i l d i n g  and d e f o r e s t a t i o n .  T h i s  f a c t  i s  r e a d i l y  a p p a re n t  by compar ing  
th e  a e r i a l  p h o to g ra p h s  taken  in  1934 and 19&4 ( P l a t e s  IV and V ) .
T u r b i d i t y  o f  i n t e r n a l  o r i g i n  and a b i o l o g i c a l  n a tu r e  was caused 
by a dense bloom o f  Anabaena f l o s - a q u a e  th e  l a s t  week in September o f  












Plate V. Aeria l photograph of Seeley Lake taken by the U. S, Forest Service în 1964,.
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ta k e n  September 27, 1970.
The range o f  pH re a d in g s  a t  s t a t i o n  1 was 6 .8  -  8 . 3 ,  and th e  
mean was 8 . 0 .  The mean f o r  See ley  Lake d u r i n g  th e  s tu d y  i s  a l s o  8 , 0 ,  
a l t h o u g h  th e  l a k e  w a te rs  e x h i b i t e d  a g r e a t e r  range (6 .9  “  9 .0 )  because 
th e  a l g a l  bloom removed carbon  d i o x i d e  due t o  p h o t o s y n t h e t i c  a c t i v i t y ,  
and a l t e r e d  th e  a l k a l i n i t y  r e l a t i o n s h i p  (Sawyer and M cC ar ty ,  1967).
The " l o w "  re a d in g s  o f  a bou t  7 -0  no ted  e a r l y  in  th e  s tu d y  p r o b a b ly  
r e s u l t e d  f r o m :  (1) a l l o w i n g  th e  w a te r  t o  warm b e fo r e  re a d in g  th e  pH,
and (2) e x c e s s iv e  t im e  e la p se d  b e fo r e  pH d e t e r m i n a t i o n .  S o l t e r o  (1971) 
r e p o r t e d  a s i m i l a r  d i s c r e p a n c y  between f i e l d  and l a b o r a t o r y  pH d e t e r ­
m i n a t i o n s .  A l th o u g h  he iced  h i s  samples b e fo r e  t r a n s p o r t i n g  them to  th e  
l a b ,  he no ted  a c o n s i s t e n t  d ro p  in  pH o f  0 .2 5  u n i t s  f ro m  th e  f i e l d  t o  
th e  l a b .
D is s o l v e d  oxygen in  s u r f a c e  w a te rs  was a lways  a t  o r  near  
s a t u r a t i o n ,  bu t  th e  de p th  samples t e l l  an I n t e r e s t i n g  s t o r y  o f  a g ra d u a l  
summer d e p l e t i o n  o f  oxygen f ro m  th e  s u r f a c e  t o  b o t to m .  The samples 
taken  in  l a t e  June o f  1970 i n d i c a t e d  up t o  6 .0  mg/1 d i s s o l v e d  oxygen 
a t  25 m e te rs  d e p th .  The d i s s o l v e d  oxygen t ra p p ed  In th e  h y p o l lm n io n  
was reduced d u r in g  th e  summer t o  3 .2  mg/1 on September 11 a t  s t a t i o n  5.
A c l i n o g r a d e  d e p l e t i o n  o f  oxygen as found in See ley  Lake is  
s t r o n g  e v id e n c e  o f  in c re a s e d  la k e  p r o d u c t i v i t y  (Edmondson e t  a l ,  1956, 
and Russel 1- H u n t e r , 1970) and i s  c o n s i s t e n t  w i t h  a l a r g e  amount o f  
d e c o m p o s i t i o n  in  th e  bo t to m  o r g a n i c  mud. See ley  Lake is  p r o b a b ly  
a n a e r o b ic  d u r i n g  summer a t  th e  mud-wate r  i n t e r f a c e ;  b u t  t h i s  c o n d i t i o n  
















Figure 4. Monthly average of the pH range for  the
In f lu e n t ,  e f f lu e n t  and surface waters of
Seeley Lake during the 1970-71 sampling
period.
25 Stat ion 1 












Figure 5. Monthly average of  temperatures (C) for  the 
In f lu e n t ,  e f f lu e n t ,  and surface waters of 
Seeley Lake during the 1970-71 sampling period.
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and r e a e r a t i o n  wou ld  be n e g l i g i b l e  w i t h  a D, 0 .  mete r  and a t ta c h e d  
d e p th  p ro b e ,  and l i k e l y  would  p rove  t h i s  h y p o t h e s i s  c o r r e c t .
Carbon d i o x i d e  was i n f r e q u e n t l y  found in  th e  C le a rw a te r  R ive r  
a t  s t a t i o n  1, and th e  mean c o n c e n t r a t i o n  o f  ca rbon  d i o x i d e  in th e  
la k e  s u r f a c e  w a te r s  was 1 .4 ,  and ranged f rom  5 .0  mg/1 to  0 .0  d u r i n g  
th e  autumn w a te r  b loom.
A n a l y s i s  o f  th e  te m p e r a tu re  d a ta  w i l l  i n d i c a t e  th e  t im e  o f  
th e  f a l l  and s p r i n g  o v e r t u r n s  and p r o v id e  v a l u a b l e  c l u e s  abou t  th e  
w a te r  c i r c u l a t i o n  p a t t e r n s .  D u r in g  th e  summer o f  1970 th e  t h e r m o c l ï n e  
(Welch, 1952) deve loped  r a p i d l y  th ro u g h  th e  month o f  June and e s t a b l i s h e d  
an e p i l i m n  ion  (4-7m) and h y p o l lm n io n  (7m to  b o t t o m ) .  The te m p e ra tu re  
o f  th e  w a te r  a t  s t a t i o n  2 reached a peak o f  22 degrees (C) on Augus t  22,
1970, then g r a d u a l l y  d e c l i n e d .  The t h e r m o c l ï n e  began t o  d e t e r i o r a t e  
d u r i n g  th e  l a s t  week in September and c o n t in u e d  u n t i l  a homogeneous 
lake  te m p e ra tu re  o f  7 degrees  (C) was reached on O c tober  17* The
te m p e ra tu re  c o n t i n u e d  t o  d ro p  t o  0 degrees a t  s t a t i o n  2 on Ja nua ry  29,
1971.
See ley  Lake does n o t  d r a i n  in  the  c l a s s i c  to p  t o  bo t tom  ( i n l e t  
t o  o u t l e t )  f a s h i o n  because o f  th e  unusual  l o c a t i o n  o f  i t s  o u t l e t .  The 
te m p e ra tu re  d a ta  i n d i c a t e s  th e  C le a r w a te r  R iv e r  above th e  l a k e ,  b e ing  
c o l d e r  and more dense,  in  t h e  summer, seeks a dep th  s e v e ra l  m e te rs  be low
th e  s u r f a c e  and f l o w s  th ro u g h  th e  upper  h a l f  o f  th e  la k e .  The lower
h a l f  r e c e i v e s  some w a te r  w h ich  has been shunted  o f f ,  and t h i s  c o o le r  
w a t e r  p r e v e n ts  w ide  d i f f e r e n c e s  in  observed  te m p e ra tu re s  f rom  o p p o s i t e  
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Figure 6. Monthly average of  dissolved oxygen (mg/1) for  
the in f lu e n t ,  e f f lu e n t  and bottom waters (25m) 
of  Seeley Lake during the 1970-71 sampling period.
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S t a t i o n  2 averaged  a b o u t  1 degree  (C) low er  than th o se  reco rd e d  f rom  
s t a t i o n  7 and 2 degrees  low er  than  th e  te m p e ra tu re s  f rom  s t a t i o n  8. The 
low e r  h a l f  o f  t h e  l a k e  warmed more q u i c k l y  in  th e  summer, and co o le d  
more s l o w l y  in  th e  autumn.
B i o l o g i c a l  Parameters  
C o l i f o r m  c o u n ts  f rom  samples taken  a t  e le v e n  sam p l ing  s t a t i o n s  
In th e  l a k e  a re  w e l l  be low th e  l i m i t s  recommended f o r  m u l t i - p u r p o s e  
use by th e  U. S. P u b l i c  H e a l t h  S e r v i c e .  S t a t i o n  5,  w h ich  Is near th e  
l o c a t i o n  o f  th e  m u n ic i p a l  w a te r  I n t a k e ,  was never  found  t o  c o n t a i n  f e c a l  
c o l i f o r m  b a c t e r i a .
Feca l c o n f o r m s  were found c o n s i s t e n t l y  a t  s t a t i o n  1, and 
e x h i b i t e d  a range o f  f ro m  0 -3 9  o rgan I sms/100 m l ,  and a mean o f  14. T h is  
sugges ts  f e c a l  c o n t a m in a t i o n  o f  a r e l a t i v e l y  n e a r  and r e c e n t  o r i g i n ,  
e i t h e r  f ro m  d o m e s t ic  a n im a l s ,  w i l d l i f e ,  w i l d f o w l ,  o r  human s o u rc e s .
These c o l l f o r m s  a p p a r e n t l y  a re  b o th  d is s e m in a te d  and d i l u t e d  In th e  
r i v e r ,  because co u n ts  were s i g n i f i c a n t l y  lower  a t  s t a t i o n  11 where th e  
mean was 4 o rgan I sms/100 m l .
F i v e - d a y  b io c h e m ic a l  oxygen demand (B .O ,D , )  was d e te rm in e d  f o r  
June 12 and 26, 1971 a t  s t a t i o n s  1, 2 ,  5, and 6, A l l  samples were found 
t o  have a B.O .D, o f  l e s s  than 2 mg/1 , w h ich  may be r e l a t e d  t o  th e  h ig h e r  
t e m p e r a t u r e s ,  t h u s ,  more r a p id  s a t i s f a c t i o n  o f  th e  B.O.D. (G a u f in  and 
T a r z w e l 1, 1955) .
Bot tom samples were o b ta in e d  on June 26, 1971 » Samples f rom  
th e  l i t t o r a l  ben thos  c o n ta in e d  d e c a y in g  p l a n t  s tem s,  le a v e s ,  and o t h e r  
o r g a n i c  d e t r i t u s .  Bottom samples taken  a t  20 -25  m e te rs  de p th  c o n s i s t e d
Table 3- Fecal coli form bacteria (organisms/100 ml) of  Seeley Lake during
1970-71 sampling period.
Da te____________________________________________Sampl I nq Station___________________________
1970 i i
6/20 4 3 0 0  I
6/27  7 0 0 0  0
7 /4  17 0 0 0 0 0 1 0 2  0 1
7 / 1 1  2 3  1 0 0 0 0 0 0 1  0 6
7/18 I 0 0 0 0 0 0 0 1 0 0
7/25  0 0 0 0 0 5 0 0 1  5 0
8/1 5 0 0 0 0 1 0 0 8  O i l
8/ 8  39 0 1 0 0 2 0 0 1  0 9
8/16 15 0 0 0 0 3 0 0 2  0 5
1971
5/9 35 3 0 0 0 4
6 /1 2  10 1 0 0 0 0
Table 4. Total coli form bacteria  (organ!sms/100 ml) of  Seeley Lake during
1970-71 sampling period.
Date SamplIng S t a t i o n
1970
1 2 3 4 5 6 7 8 9 10 11
6/20 0 0 0 0 0
6/27 170 0 0 0 0
7 /4 38 35 320 275 75 40 21 25 32 10 22
7/11 50 0 0 0 0 40 0 0 14 0 42
7/18 180 160 24 16 0 0 0 8 4 0 8
7/25 71 6 55 21 5 45 20 53
8/1 35 100 115 95 35 24 120 1,100
8 /8 55 10 15 no 35
8 /16 41 15 6 8 0 24 0 0 0 0 25
1971
5/9 112 43 24 21 0 47
6/12 56 35 18 0 0 81
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T a b le  5. Secchî d i s c  re a d in g s  (m) o f  See ley  Lake d u r i n g  th e  1970-71 
s a m p l in g  p e r i o d .
Date S t a t i o n  2 S t a t i o n  7 S t a t i o n  8
6 /2 7 4 .0 3 .5 3 .5
7 /4 4 .0 3 ,0 3 .0
7/11 5 .0 4 .5 5 .0
7 /18 5 .0 4 ,5 5 .0
7 /2 5 4 ,0 4 .0 4 ,0
8/1 5 .0 4 .5 4 .0
8 /8 4 .0 4 .0 3 .5
8 /1 6 4 .5 4 .5 4 ,5
8 /2 2 4 .0 4 .0 4 .0
8 /2 9 3 .5 3 .0 3 .0
9 /4 4 .0 4 .0 3 .5
9/11 4 .0 4 .0 4 .0
9 /2 0 4 .0 4 5 4 .5
9 /27 3 .0 4 .0 4 .0
10/4 4 .0 4 .0 4 .0
10/10 5 .0 5 .0 5 .0




5 /8 1 .0 1 .5 2 0
6 /1 2 2 .0 2 .5 2 5
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o f  a b l a c k ,  o o z in g  mud, w h ich  was s t r a i n e d  th ro u g h  a No, 30 mesh 
s c re e n .  S i x  samples were found  t o  c o n t a i n  between 15 and 25 Chironomi d 
midge l a r v a e  p e r  h a u l .  F in d in g  midge l a r v a e  o r  bloodworms in bo t tom  
samples i s  i n d i c a t i v e  b o th  o f  n u t r i t i o u s  w a te rs  ( P r o v o s t ,  1958) and 
d e p l e t i o n  o f  oxygen a t  th e  mud-wate r  i n t e r f a c e  (Mackenthun,  1969).
P la n k to n
Q u a l i t a t i v e  p la n k to n  co u n ts  made a t  w ee k ly  i n t e r v a l s  f rom  May 13 
t o  Augus t  8 ,  1970 a re  p re s e n te d  in  Ta b le  6. T h is  d a ta  r e v e a ls  s t a t i o n s  
6 and 8 t o  have s i g n i f i c a n t l y  more p r o d u c t i v e  p h o t o t r o p h i c  zones than 
s t a t i o n  2 near th e  n o r t h  end o f  th e  la k e .  A t r e n d  o f  p la n k to n  g rowth
was no ted  f rom  May u n t i l  the  m id d le  o f  J u l y ,  1970. T h is  t r e n d  was
re v e rs e d  p resum ab ly  u n t i l  th e  Anabaena bloom in  l a t e  September,  when 
n u t r i e n t s  were a g a in  made a v a i l a b l e  t o  th e  p la n k to n  f ro m :  (a) death
o f  most o f  th e  h ig h e r  a q u a t i c  p l a n t s  (Mackenthun e t  a 1, 1964) ,  and
(b) t h e  i n c i p i e n t  o v e r t u r n  o f  th e  la k e .
The g row th  o f  p la n k t o n  in  See ley  Lake may be l i m i t e d  t o  some 
e x t e n t  by th e  e x c e s s iv e  submerged a q u a t i c  v e g e t a t i o n .  Mackenthun e t  a l  
(1964) s t a t e  t h a t  th e  h ig h e r  a q u a t i c s  u t i l i z e  e s s e n t i a l l y  th e  same lo c a l  
n u t r i e n t s ,  and have found e l i m i n a t i o n  o f  weed beds In c e r t a i n  lakes  w i l l  
g i v e  r i s e  t o  l o c a l i z e d  a l g a l  deve lo p m en t .
P r im a ry  P r o d u c t i v i t y  
Oxygen e v o l u t i o n  as measure o f  p r o d u c t i v i t y  was d e te rm in e d  on 
June 5 and J u l y  24, 1971* The methods used a re  d e s c r ib e d  in C hap te r  M l  
The r e s u l t s  o f  th e  s tu d y  a re  p re s e n te d  in T a b le  10. The v a lu e  o f  oxygen
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T a b le  6. Q u a n t i t a t i v e  p la n k to n  c o u n ts  (o rgan ism s  /  m l )  f o r  See ley 
Lake d u r i n g  1970 sa m p l in g  p e r i o d .
Date Sampling S t a t i o n
1 2 6 8
5 /13 300 650 800
5 /1 9 600 1 ,000 12,500
5 /2 9 . 450 800 650
6 /1 7 600 1 ,050 1 ,600
6 /2 7 450 1 ,200 1 ,900
7 /4 1 ,250 2 ,600 2 ,200 2 ,000
7/11 1,200 1 ,800 3 ,5 0 0 4,500
7 /1 8 1 ,600 2 ,200 4 ,600 4,450
7 /2 5 1 ,200 850 2 ,200 2,000
8/1 1,400 1 ,250 2 ,000 2,200
8 /8 1 ,400 1 ,800 1,550 4 ,600
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Table  7« Q u a l i t a t i v e  I d e n t i f i c a t i o n  o f  phytoplankton c o l l e c t e d  from
Seeley Lake.
Moos e t  a l e ,  19&9 August  I ,  1970 August  8 ,  1970
Anabaena 
A n k Is t ro d e sm u s  
A s t e r  i o n e l l a  
B i n u c l e a r i a  
C e ra t  i urn 
C has tophora  
Chroococcus 
Cose Î nodesmus 




D I c t y o s p h a e r 1 urn 
D Inobryon  
Frag i l l a r i a  
G I o e o t r i c h i a  
G Ienod in ium  
Hexa r t h r a  
M e r id i o n
M i c r o c y s t i s  
MougeotI  a 
Nav j  cu E a
Nostoe 
OedogonI urn 
Oocyst Î s 
Osc i 1 l a t o r Î a 
Pandor Ï na 
Quadr i g u la  
Scenedesmus 
S o ras t rum  
S p h a e ro cys t  Î s 
Spi r o g y ra  
S ta u ra s t r u m  
Stau rone i s 
$ te p h a n o d Is c u s  
Syned ra 
Tabe 11 a r Î a 
Terps  i noe 
UI o t  h r  IX 
Xanth  id iu m  
























T a b le  8. Z o o p la n k to n  c o l l e c t e d  f rom  See ley  Lake on J u l y  25, 1970, 
f ro m  b o th  h o r i z o n t a l  and v e r t i c a l  tows .  I d e n t i f i e d  by 
Dav id  S. P o t t e r ,
Genus and Spec ies S t a t i o n  2 S t a t i o n  7 S t a t i o n  8
K e r a t e l 1 a c o c h l e a r i  s 
K e l l i c o t t  i a l o n g i  s p in a  
* P o l y a r t h r a  sp. 
Synchaeta  sp.
* Chydorus sp.
Daphn ia  g a le a t a  
* Daphnia 1ong i remi s 
Daphnia
Daphn ia  t h o r a t a  
Eubosmi na l o n g i s p i n a  
L e p to d o ra  k i n d t i i
C yc lops  b i c u s p i d a t u s  
D iaptomus a sh la n d  i 
Ep i schu ra  nevadens i s
*  c o l l e c t e d  f ro m  v e r t i c a l  tows o n l y
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T a b le  9* Z o o p la n k to n  c o l l e c t e d  f ro m  See ley  Lake on Augus t  8, 1970, 
f r o m  b o th  h o r i z o n t a l  and v e r t i c a l  tow s .  I d e n t i f i e d  by 
Dav id  S. P o t t e r .
Genus and Spec ies S t a t i o n  2 S t a t i o n  7 S t a t i o n  8
■Chromogas te r  s p . (?) 
K e r a t e l l a  c o c h 1 e a r  i s 
K e l 1 i c o t t i a  long  i s p i n a  
Synchaeta  sp. (?)
Chydorus sp,
Daphn i a g a 1e a ta  
Daphn ia  1ong i remi s 
Daphn i a
DaphnI a t h o r a t a  
Eubosmi na 1ong i sp i na 
L e p to d o ra  k i n d t i i
C yc lops  b ic u s p  ! d a tu s  
DIaptomus ash 1 and i 
Ep ? schu ra  nevadens i s
c o l l e c t e d  f ro m  h o r i z o n t a l  tow o n l y
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T a b le  10. P r im a ry  p r o d u c t i v i t y  o f  See ley  Lake. L i g h t  and d a rk  b o t t l e  
oxygen measurements ( g O ^ /m ^ / d a y ) .
1 971________________________ Depth (m)____________ S t a t i o n  2____________S t a t i o n  8
6 /5
7 /2 4
0 0 .62 0 .64
1 1.21 0 .94
2 1 .02 2 .1 8
3 2.01 2.41
4 1.13 1 .62
5 0 .6 6 0 .97
6 0,51 0 .46
0 0.21
1 1 .61
3 2 .0 9
5 3 .4 0
7 2.21
9 0 .6 0
11 0 .2 0
13 0 .0
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e v o lv e d  i s  e xp resse d  as grams o f  oxygen p e r  square  m e te r  per  day 
( g O g /m ^ /d a y ).
Secch i  d i s c  v i s i b i l i t i e s  on June 5 were 2 and 2 .5  m e te rs  a t  
s t a t i o n s  2 and 8 ,  r e s p e c t i v e l y .  These v a lu e s  a re  r e l a t i v e l y  low ,  and 
were p r i m a r i l y  caused by a l l o c h t h o n o u s  t u r b i d i t y ,  i . e . ,  s i l t  and 
d e t r i t u s  f r o m  th e  s p r i n g  f l o o d i n g  and h ig h  w a t e r .  Secch i d i s c  v i s i ­
b i l i t y  on J u l y  24 was 4 .5  m e te rs  a t  s t a t i o n  2. I t  was p r o b a b ly  s l i g h t l y  
low e r  l a t e r  d u r i n g  th e  i n c u b a t i o n  p e r i o d  when s u r f a c e  w a te r  d i s t u r b a n c e  
was caused by w ind  a c t i o n .
The com pensa t ion  p o i n t ,  o r  p o i n t  a t  w h ich  l i g h t  e x t i n c t i o n  o c c u r s ,  
was n o t  d e te rm in e d  because a subm ar ine  p h o tom e te r  was n o t  a v a i l a b l e .
The e u p h o t i c  zone can be r o u g h ly  a p p ro x im a te d  f ro m  th e  v a r i a t i o n  in  
p r o d u c t i v i t y  d a t a .  Goldman ( i 9 6 0 )  su g ge s ts  t h a t  th e  e u p h o t i c  zone in  a
la k e  i s  between 2 ,5  t o  5 .0  t im e s  th e  Secchi d i s c  v i s i b i l i t y .
Oxygen e v o l u t i o n  measurements a re  c o n s id e re d  t o  be a measure 
o f  g ro s s  p r o d u c t i v i t y  (S ta n d a rd  Methods,  1971) .  D i f f e r e n c e s  in  oxygen 
p r o d u c t i o n  a t  th e  v a r i o u s  d e p th s  has been c o r r e l a t e d  t o  n o n - u n i fo r m  
d i s t r i b u t i o n  o f  p h y t o p la n k t o n  (Morgan, 1971) .  The low s u r f a c e  e v o l u t i o n  
o f  oxygen i s  e x p la i n e d  by H u tc h in s o n  (1957) t o  be " s u r f a c e  i n h i b i t i o n " ,
due t o  th e  v e r y  h ig h  l i g h t  i n t e n s i t y  on th e  l a k e  s u r f a c e .
The c a r b o n -1 4  method was employed on J u l y  24 ,  1971 a t  s t a t i o n  2. 
The r e s u l t s  o f  t h i s  s tu d y  a r e  somewhat low er  than  th e  oxygen te c h n iq u e ,  
b u t  i n d i c a t e  s i m i l a r  t r e n d s  in  p h o t o s y n t h e t i c  p r o d u c t i o n .  The C-14 
method i s  c o n s id e re d  by most a u th o rs  ( e . g . ,  V o l le n w e îd e r )  t o  be a 
measure o f  n e t  p r im a r y  p r o d u c t i v i t y .  The v a r i a t i o n  in  C - l 4  f i x a t i o n  a t
T a b le  11.
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P r im a ry  p r o d u c t i v i t y  o f  Se e le y  Lake, 
measurements (m gC /m ^ /day ) .
C a rb o n - l4  a s s i m i l a t i o n
1971 Depth (m) S t a t i o n  2









t h e  v a r i o u s  d e p th s  îs  a l s o  a t t r i b u t e d  t o  n o n - u n i f o r m  p h y to p la n k to n  
d i s t r i b u t i o n  in  t h e  e u p h o t i c  zone. The r e s u l t s  a re  exp ressed  in  mi I 1 ; -  
grams o f  ca rb on  a s s i m i l a t e d  pe r  c u b i c  m e te r  pe r  day (m g C /m ^ /d a y ) .
The work  o f  Morgan (1971) on th e  o l i g o t r o p h i c  F la th e a d  Lake 
p r o v id e s  a com par ison  w i t h  th e  p r o d u c t i v i t y  r e s u l t s  p re s e n te d ,  a l t h o u g h  
perhaps i t  i s  n o t  e n t i r e l y  j u s t i f i a b l e  f rom  one s e t  o f  da ta  on See ley 
Lake. Morgan i n d i c a t e s  th e  maximum carbon  a s s i m i l a t e d  in F la th e a d  Lake 
d u r i n g  h i s  s tu d y  was 31 44 mgC/m^/day.  He s t a t e s  t h a t  some e u to p h i c  
European lake s  r e p o r t e d l y  have ca rbon  f i x a t i o n  a t  l e v e l s  g r e a t e r  than 
100 mgC/m^/day.
A q u a t i c  F lo r a
Emergent h y d ro p h y te s  a re  abundant  and can be found on marshy 
s h o r e l i n e  a round o n e - h a l f  o f  th e  l a k e ;  submerged p l a n t s  occu r  on th e  
g r a d u a l l y  s l o p i n g  bo t to m  in w ide  b e l t s  o f  green and brown v e g e t a t i o n .  
These p l a n t s  c e r t a i n l y  a re  th e  l a r g e s t  c o n t r i b u t o r s  t o  p r im a ry  p r o d u c t i ­
v i t y  and b iomass,  and a c c e l e r a t e  e u t r o p h i c a t i o n  b o th  by th e  p r e c i p i t a t i o n  
o f  c a l c i u m  c a rb o n a te  and a c c u m u la t i o n  o f  t h e i r  remains upon dea th  and 
decay (Mackenthun,  19^9)-
Rooted a q u a t i c s  have been a n u isa n ce  in  See 'ey  Lake f o r  a t  
l e a s t  40 y e a rs  (G. F. W e is e l ,  p e rs o n a l  com m un ica t ion )  and p r o b a b ly  have 
in c re a s e d  s l i g h t l y  by e n t ra pm e n t  o f  s i l t  c a r r i e d  i n t o  th e  lake  each 
s p r i n g .  Potamogeton sp. a re  so numerous in  th e  C le a rw a te r  R iver  o u t l e t  
t h a t  t h e y  m ig h t  f u n c t i o n  t o  reduce th e  o u t f l o w  and in c re a s e  th e  wate r  
l e v e l  d u r i n g  th e  g ro w in g  season.
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T a b le  12 p r e s e n ts  an i n v e n t o r y  o f  a q u a t i c  v a s c u l a r  p l a n t s  taken 
J u l y ,  1969 by George H. Jones ,  then  a s tu d e n t  a t  the  U n i v e r s i t y  o f  
Montana B i o l o g i c a l  S t a t i o n ,
Non'-P 1 a n k to n  i c Fauna 
T a b le s  13 and 14 p r e s e n t  th e  i n v e r t e b r a t e  and v e r t e b r a t e  fa u n a ,  
r e s p e c t i v e l y ,  found  in  See ley  Lake. A change in  th e  k in d  and r e l a t i v e  
abundance o f  c e r t a i n  f i s h e s  has o c c u r re d  In th e  l a s t  s e v e ra l  decades, 
a c c o r d in g  t o  c o n v e r s a t i o n s  w i t h  f i s h e r m e n .  T h is  change can be summarized 
as a d e c l i n e  in  q u a n t i t y  o f  sa lm o n ids  and an in c re a s e  o f  coa rse  f i s h  
such as p e rc h ,  s q u a w f i s h ,  and s u c k e rs .  I n t r o d u c t i o n  o f  th e  y e l l o w  perch  
and pumpkinseed i n t o  See ley  Lake may have been c r u c i a l  t o  th e  e c o l o g i c a l  
b a la n c e  between game and co a rs e  f i s h e s .
Mackenthun e t  a l  (19&4) sugges t  s e v e ra l  o t h e r  p o s s i b l e  e x p la n a ­
t i o n s  f o r  a dec rease  in  sa lm o n id s  and an In c re a s e  in  co a rse  f i s h e s :
(a) su sp en so ids  f ro m  r u n - o f f  have In c re a se d  t u r b i d i t y ,  (b) th e  chemica l  
c o m p o s i t i o n  o f  th e  w a te r  has been changed by p o l l u t a n t s ,  and (c)  th e  
f e r t i l i t y  o f  th e  w a te r  has been a l t e r e d .  The l a s t  o f  these  reasons 
seems r e l e v a n t  t o  See ley  Lake, and a w e a l t h  o f  l i t e r a t u r e  has c o r r e l a t e d  
in c re a s e d  p r o d u c t i v i t y  w i t h  th e  d e c l i n e  in  abundance o f  c o l d - w a t e r  game 
f i s h e s  ( H a s l e r ,  1947; Rawson, 1956; Thomas, 1962; and Russe 11- H u n t e r ,
1970).
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T a b le  12, Genera o f  a q u a t i c  v a s c u l a r  p l a n t s  o f  S ee ley  Lake ( J u l y ,  I 969) 
I d e n t i f i e d  by George H. Jones.
Genus
No. o f  
Spec i es D i s t r i  bu t  ion
Brasen ia 
Carex
E le o c h a r  i s 
E1 odea








P o te n t  I l i a  
Ranunculus
Sag i t t a r i a
Sc i r p u s  
Sparqaniurn
Typha
U t r i c u l a r i a  















Common in  s h a l l o w  w a te r  a lo n g  e a s t  shore  o f  
l a k e .
Common in  marshy a reas  a lo n g  west  shore  and 
near  o u t l e t .
Uncommon, s h a l l o w  w a te r  a t  n o r t h  end o f  l a k e .  
One o f  th e  most common sp e c ie s  t h ro u g h o u t  the  
1 i t t o r a 1 z o n e .
Common in  s h a l l o w  w a te r  and marshy a reas  a long  
e a s t  and west  s h o re s .
Common in  marshy a reas  and s h a l l o w  w a te r  a lo n g  
e a s t  and west  sh o re s .
Q u ie t  w a te r s  in marshy area  near  o u t l e t .
Marshy a rea  a lo n g  e a s t  shore  and near  o u t l e t .  
Common in  m odera te  t o  deep w a te r  t h ro u g h o u t  
l a k e .
In s h a l l o w  w a te r  near  o u t l e t ,  l a r g e  homogenous 
co m m un i t ie s  a t  n o r t h  end o f  l a k e .
Small  co m m un i t ie s  In s h a l l o w  w a te r  a lo n g  e a s t  
and west  sh o re s .
The most common genera th r o u g h o u t  th e  la k e .  
Marshy a reas  in  o u t l e t  and a lo n g  e a s t  sh o re .  
Common in  s h a l l o w  t o  m o d e ra te ly  deep w a te r  
t h r o u g h o u t  th e  la k e .
Uncommon in  s h a l l o w  w a te r  on west shore  and 
near  o u t l e t .
Common In s h a l l o w  a reas  in
S h a l lo w  w a te rs  and swampy a reas  a lo n g  e a s t  and 
w es t  s h o re s .
Marshy a reas  a lo n g  e a s t  sh o re .
Uncommon, in  s h a l l o w  w a te r  t o  m o d e ra te l y  deep 
w a te r  a lo n g  the  e a s t  s h o re .
S h a l lo w  w a te r  a t  n o r t h e a s t  end o f  l a k e .
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T a b le  13. A q u a t i c  i n s e c t s  found in  See ley  Lake ( J u l y ,  1 9 6 9 )  ̂
I d e n t i f i e d  by R ober t  R e i t z .
A c r o n e u r i a  sp. G y ra u lus  sp.
Ae sh n ia  sp. H ydrophy1 idae
Am a le tus  sp. Hydropsyche sp.
A rch  i l e s t  i s  s p . Lep Î dos tomat idae
A r q ia  sp. Les tes  sp.
B a e t i s  sp . L i b e l l u l a  s p .
B r a c h y c e n t r  i dae L imnephï 1 idae
Caen is  sp. N o to s t ra e a  sp.
Ch i ronomus s p . P l a c o b e l l a  sp.
Elmi dae P te rc h a re y s  sp.
Epeorus sp. Rhyacoph i 1 a s p .
Ephemeral l a  d o d d s i i S i m u l i dae
E sp h em e re l la  sp. Sphaerium sp.
Gammarus sp. T i p u l 1dae
G e r r i a  sp.
Gomphus sp.
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T a b le  14. F is h  s p e c ie s  found  in  See ley  Lake (1 9 6 8 ) .  Montana F ish  and 
Game Depar tment  g i l l  n e t  s u r v e y .
C u t t h r o a t  t r o u t  
D o l l y  Varden t r o u t  
*Kokanee (Sockeye salmon) 
*La rgem outh  bass 
L a r g e s c a le  su cke r  
f*Longnose dace 
Longnose su c k e r  
M ounta in  w h i t e f l s h  
N o r th e rn  s q u a w f is h  
Peamouth chub 
*PumpkInseed 
‘ *Pygmy w h i t e f i s h  
^Rainbow t r o u t  
' * R e d s id e  s h i n e r  
1 imy s c u I p i n  
* Y e l l o w  pe rch
Salmo c l a r k i
Sa 1v e l i n u s  maIma
Oncorhyncus nerka  
M j c r o p t e r u s  sa l  mo ides 
Catostomus macroche Î l u s  
R h in i c h t h y e s  c a t a r a c t a e  
Catostomus ca tos tom us 
Prosop i um w i l l ! a m s o n  i 
P tychoche i I  us o re g o n e n s is  
My 1o c h e i lu s  c a u r In u s  
Lepom i s g î bbosus 
Prosop j um c o u l t e r  i 
Sa 1 mo ga i r d n e r  ï 
R i cha rdson  t us b a 1t e a tu s  
C o t tu s  cogna tu s  
Perea f l a v e s c e n s
*  i n t r o d u c e d  s p e c ie s
A* endemic  s p e c ie s  n o t  ca u gh t  in g i l l  n e ts  (G. F. W e is e l ,  p e rson a l  
commun i c a t i o n )
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T a b le  15. Range and mean o f  w a t e r  c h e m is t r y  and p h y s îc a  
measurements o f  See ley  Lake d u r i n g  th e  s tu d y .
S t a t i o n  1
June- December, 1970 January - J u n e , 1971
Maximum Mean Mi nimum Max I mum Mean M in i  mur
NO^ (mg/1) 0 .4 0 0.1 1 0 .02 0 .2 6 0 .15 0 . 0 6
Ortho-PO^ (mg/1) 0 .2 8 0 .0 8 0 .03 0.13 0 .1 0 0 . 0 9
Ca*^ hardness  (mg/1) 58 41 35
T o t a l  hardness 45 43 35
HCOg ( m g / l ) 72 70 45 65 60 50
C l "  ( m g / l ) 4 .5 2 .9 2 ,0 4 ,0 3 . 5 3 . 0
SO^ ( m g / l ) 10 6 .6 5 8 6 . 9 6
Fe^^(mg/1 0 .1 5 0 .0 8 0 .0 5 0 ,1 4 0 .0 9 0 .06
Mn'*” ’’ ( m g / l ) 0 .2 0 0 .0 9 0 ,0 5 0. 14 0 ,0 9 0 .0 5
Cu++ ( m g / l ) 0 .13 0 .0 6 0 ,02 0 .09 0 .07 0 .06
T u r b i d i t y  ( J . T . U . ) 12 5 . 5 1 18 6 2
pH Range 8 .5 7 9 6 .8 8.1 8 .0 7 . 9
D 0 a t  s u r f a c e  ( m g / l ) 1 1 .0 8 .2 6 .6 12.2 11 ,4 10.5
C O2 (m g / l ) 4 .0 1 .1 0 .0 2 .0 0 .8 0 .0
Temp. (C) 18.5 10.8 0 .0 9 .5 2 . 9 0 .0
Table  15. (Continued)
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S t a t i o n  2
June- December , 1970 Janua ry -J u n e , 1971
Max I mum Mean M in i  mum Max 1 mum Mean M i n imur
NOj ( m g / l ) 0 .4 0 0 .1 0 0 .1 0 0 .2 0 0 .12 0 .05
Ortho-POiJ’ ( m g / l ) 0 .2 5 0 .0 7 0.01 0 .1 0 0 .0 6 0 .02
Ga’*"*’ ha rdness  (m g / l ) 40 31 25
T o t a l  hardness 35 34 33
HCO' (m g / l ) 60 50 30 55 50 47
01 ( m g / l ) 2 .5 2 .2 1 .0 2 .5 2 .5 2 ,0
SO^ ( m g / l ) 1 1 6.1 5 7 6 .0 5
F e * *  ( m g / l ) 0 .13 0 .0 5 0.01 0 ,0 9 0 .0 6 0 .04
Mn**  ( m g / l ) 0 .0 9 0 .0 6 0 .0 4 0 .0 7 0 ,0 9 0 .03
Cu**  ( m g / l ) 0 .13 0 .0 6 0 .02 0 .0 6 0 .05 0.03
T u r b i d i t y  ( J . T . U . ) 18 8 2 1 1 5 3
pH Range 9 .0 8 .0 6 .9 8.1 8 .0 7 .8
D 0 a t  s u r f a c e  (m g / l ) 10,4 8 .0 6 .0 1 1 .0 9.1 8.1
C 0^ (m g / l ) 5 .0 1 .5 0 .0 2 .0 1 .5 1 .0
Temp. (C) 2 2 .0 14.5 4 .0 14.5 5 .9 0 .0
Secchi  d i s k  (m) 5 .0 4 .2 3 .0 2 .0 1 .5 1 ,0
T able  15* (Continued)
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S t a t i o n  3
June- December , 1970 Janua ry - J u n e , 1971
Maximum Mean M in i  mum Max i mum Mean M in i  mun
NO^ ( m g / l ) 0 .055 0 .1 4 0.01 0 .2 0 0 .12 0 .05
Or tho -PO“ (m g /1) 0 .3 0 0 .0 6 0.01 0 .08 0 .03 0.01
Ca*^ ha rdness  ( m g / l ) 40 30 22
T o t a l  hardness 40 32 .5 30
HCO' ( m g / l ) 53 47 32 50 45 40
C l '  ( m g / l ) 2 .5 2 ,0 1 .0 2 .5 2.1 2 .0
50^ (m g / l ) 12 6 .0 4 6 5 .4 5
F e * * (m g / 1 ) 0 .1 2 0 .0 7 0 .03 0 ,08 0 .05 0 .03
Mn**  ( m g / l ) 0 .0 9 0 .0 6 0 .03 0 .0 8 0 .0 6 0.03
Cu**  ( m g / l ) 0 .1 5 0 .0 6 0 .03 0 .0 5 0 .0 6 0 .03
T u r b i d i t y  ( J . T . U . ) 18 7 2 9 4 2
pH Range 8 .9 7 .5 6 .9 8 .0 7 .9 7 .8
D 0 ( m g / l ) 9 .5 6 .6 5 .0 11 .0 9 = 0 8 .0
C 0^ ( m g / l ) 6.1 3 .0 1 .0 4 .5 2 .7 1 .5
Tp.mn . ( C ) 13 .0 14.5 3 .0 8 .0 4 .5 3 .0
Tab le  15. (Continued)
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S t a t i o n  k
June- December , 1970 Janua ry -J u n e , 1971
Max I mum Mean M in i  mum Maximum Mean M in i  mun
NO^ ( m g / l ) 0 .0 6 .15 0.01 0 .1 9 0 ,12 0 ,09
Ortho -PO ^ ( m g / l ) 0 .1 6 0 .0 5 0 .02 0 ,05 0 .03 0.01
Ca**  ha rdness  ( m g / l ) 40 29 20
T o t a l  hardness 35 32 30
HCOg ( m g / l ) 54 45 20 51 45 40
Cl ( m g / l ) 2 .0 1 .9 1 ,0 2 .0 2 ,0 2 0
so”  ( m g / l ) 10 6.1 4 5 5 5
Fe++ ( m g / l ) 0 .12 0 ,0 7 0 .03 0 .08 0 .0 7 0 .05
M n ^  ( m g / l ) 0 .13 0 .0 6 0 ,0 3 0 .05 0 .0 4 0.01
Cu++ ( m g / l ) 0 .1 7 0 .0 7 0 .02 0 ,0 7 0 ,05 0 ,04
T u r b i d i t y  ( J . T . U . ) 13 6 2 7 4 3
pH Range 7 .8 7 .2 6 .9 7 .8 7 .7 7 .5
D 0 ( m g / l ) 8 .5 5 .7 3 .0 10.0 8.1 6 .8
C 0^ ( m g / l ) 8 .0 4 .9 1 .0 4 ,4 2 ,9 1 .4
T  p m n . f C) 11 .0 7 .7 2 ,0 8 .5 4 ,7 2 ,0
Table  15» (Continued)
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S t a t i o n  5
June- December, 1970 J a n ua ry -Ju n e , 1971
Max Î mum Mean M in i  mum Maximum Mean Minimur
NO^ ( m g / l ) 0 .6 0 0 .13 0.01 0 .28 0 .1 6 0 .08
Ortho-PO^ ( m g / l ) 0 .1 9 0 .0 8 0 .0 2 0 .05 0 .0 4 0 .03
C a**  hardness  ( m g / l ) 40 31 20
T o t a l  hardness 40 33 .5 30
HCOT ( m g / l ) 51 48 25 48 45 40
Cl ( m g / l ) 2 .5 2 .0 1 .5 2 .5 2 .3 2 .0
SO]j ( m g / l ) 7 5 .5 4 5 5 .0 5
Fe++ ( m g / l ) 0.21 0 .16 0 .0 5 0 .08 0 .0 6 0 .05
Mn"*^ ( m g / l ) 0.1 1 0 .08 0 .03 0 .0 8 0 .05 0 = 01
Cu’*"*' ( m g / l ) 0 . 1 6 0 .0 8 0 .03 0.11 0 .0 9 0 .08
T u r b i d i t y  ( J . T . U . ) 21 9 2 8 6 5
pH Range 7 .8 7 .2 7 .0 7 .8 7 .7 7 .6
D 0 (m g / l ) 8 .4 5.1 1 .8 10.0 8.1 7 .0
C 0^  (m g /1) 12.0 5 .8 1.4 6 .0 3 .4 1.5
Temp. (C) 9 .5 7.1 0 .0 8 .0 3 .6 0 .0
T a b le  15. (Continued)
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S t a t i o n  6
June-December , 1970 J a n u a r y - J u n e , 197)
Maximum Mean Minimum Maximum Mean Minimum
NO^ ( m g / l )  
O r th o -P O ^  ( m g / l )  
Ca*^  ha rdness  ( m g / l )
0 .5 0  0 .1 0





0.21 0 .15  0 . 06
0 .0 6  0 .03  0 .02
T o t a l  ha rdness 40 36 35
HCOg ( m g / l ) 60 50 32 55 48 45
Cl ( m g / l ) 2 .5 2 .0 1 .0 2 .5 2.1 2 .0
SO^ ( m g / l ) 1 1 6.1 4 7 6 5
Fe**"^ ( m g / l ) 0 .12 0 .05 0 .0 2 0 .05 0 .0 5 0 .04
Mn**  (m g / l ) 0 .0 2 0 ,0 6 0 .03 0.05 0 .04 0 .02
Cu**  ( m g / l ) 0 . 1 7 0 .0 6 0.03 0 .05 0 .0 4 0 .02
T u r b i d i t y  ( J . T . U . ) 18 8 1 6 4 2
pH Range 8 .9 8 .0 6 .9 8 .0 7.9 7 .9
D 0 a t  s u r f a c e  ( m g / l ) 7 . 6 8 .2 6 .4 12.0 9 . 8 8 .3
C O2 (m g / l ) 4 . 0 1 .2 0 .0 4 .0 2 .4 1,5
Temp. (C) 2 2 .0 14.0 4 .0 12.0 5 .2 4 ,0
Tab le  15. (Continued)
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S t a t i o n  7
June- O c to b e r ,  1970
Maximum Mean Min i  mur
NO^ ( m g / l ) 0 .4 0 0 .07 0.01
O r tho -P O ^  ( m g / l ) 0 .0 9 0 .04 0.01
C a**  ha rdness  (m g / l ) 40 31 23
T o t a l  hardness
HCOT ( m g / l ) 60 51 43
C l "  ( m g / l ) 2 .5 1 .9 1 .0
30^ ( m g / l ) 10 5 .8 4
Fe'*"*’ ( m g / l ) 0 .1 0 0 .0 4 0.01
Mn**  ( m g / l ) 0 .16 0 . 06 0.03
Cu**  ( m g / l ) 0 .0 6 0 .0 4 0 .02
T u r b 1d 1t y  ( J . T . U . ) 12 7 2
pH Range 8 .9 7 .9 7 .2
D 0 a t  s u r f a c e  (m g / l ) 9 . 0 7 .4 5 .8
C O2 (m g / l ) 4 .0 1 .3 0 .0
Temp. (C) 2 2 .0 17.0 10.5
Secch i  d i s k  (m) 5 . 0 4.1 1 .5
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Tab le  15. (Continued)
HCOj ( m g / l )
S t a t i o n  8
J u n e - O c to b e r , 1970 
Maximum Mean M in i  mum
no '  ( m g / l )  0 .0 5  0.11 0.01
O r tho -P O ^  ( m g / l )  0 .1 0  0 .04
Ca*^ hardness  ( m g / l )  40 31 22
T o ta l  hardness
0.01
60 50 40
C l "  ( m g / l ) 2 . 5 1.8 1.0
SO^ ( m g / l ) 10 5 .5 4
Fe++ ( m g / l ) 0 .0 8 0 .04 0.01
Mn**  ( m g / l ) 0 .09 0 .05 0 .03
C u**  (m g / l ) 0 .0 8 0 .04 0.01
T u r b i d i t y  ( J . T . U . ) 20 8 2
pH Range 8 .9 7 ,9 7 .3
D 0 a t  s u r f a c e  ( m g / l ) 9 . 0 7 .5 6 .4
C O2 (m g / l ) 5 . 0 1,3 0 .0
Temp. (C) 2 4 .0 17.3 10.5




C o n c lu s io n s
N u t r i e n t  e n r ic h m e n t  o f  See ley  Lake has o c c u r r e d ,  and has 
p r i m a r i l y  r e s u l t e d  f ro m :  (a) i t s  m orphom etry ,  (b) a dam on th e  o u t l e t ,  
and (c )  c l e a r - c u t t i n g  in  th e  d r a in a g e  b a s in .  O the r  c u l t u r a l  f a c t o r s  
have a l s o  c o n t r i b u t e d  t o  th e  e n r ic h m e n t  o f  th e  l a k e ,  b u t  p r o b a b ly  t o  
a l e s s e r  e x t e n t  than  th e  reasons suggested  above. These f a c t o r s  
wou ld  i n c l u d e :  (d)  th e  h ig h e r  number o f  peop le  u s in g  th e  la k e  f o r  
r e c r e a t i o n  and b u i l d i n g  homes o r  c a b in s  on th e  s h o r e l i n e ,  (e) d o m es t ic  
a n im a ls  g r a z in g  on land  above th e  l a k e ,  ( f )  a r t i f i c i a l  f e r t i l i z e r s  
a p p l i e d  t o  hay meadows above th e  l a k e ,  and (g) s e p t i c  ta n k  leakage and 
o v e r f l o w  w h ich  d r a i n s  i n t o  th e  l a k e .  The t h r e e  p r im a r y  reasons (a ,  b, 
and c )  w i l l  be b r i e f l y  c o n s id e r e d .
M o r p h o m e t r i c a l l y ,  t h e  See ley  Lake d r a in a g e  is  p o t e n t i a l l y  a 
p r o d u c t i v e  sys tem ,  r e g a r d l e s s  o f  n u t r i e n t  c o n c e n t r a t i o n s .  The C le a rw a te r  
b a s i n ,  formed by a g l a c i e r ,  i s  p o o r l y  d r a in e d  and h i g h l y  o r g a n i c .
N i t r o g e n  f i x i n g  a l d e r  bushes grow a b u n d a n t l y  a lo n g  th e  C le a rw a te r  R iv e r ,  
The u n iq u e  p o s i t i o n  o f  t h e  o u t l e t  o f  See ley  Lake c r e a te s  a " n u t r i e n t  
s i n k "  o f  th e  low e r  end;  and th e  g r a d u a l l y  s l o p i n g  la k e  b a s in  a l l o w s  
heavy g ro w th  o f  l i t t o r a l  v e g e t a t i o n .  F i n a l l y ,  th e  volume o f  th e  lake
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i s  r e l a t i v e l y  s m a l l ,  and n u t r i e n t s  e n t e r i n g  th e  la ke  a re  n o t  amply 
d i 1u t e d .
A dam was b u i l t  in  1907 a p p r o x i m a t e l y  two m i le s  be low th e  o u t l e t  
o f  S e e le y  Lake, and i t  r a i s e d  th e  w a te r  l e v e l  s u f f i c i e n t l y  t o  f l o o d  300 
a c re s  o f  meadowland a t  th e  upper  ( i n l e t )  end o f  th e  la k e .  The f l o o d e d  
s o i l  and d e c a y in g  v e g e t a t i o n  was f l u s h e d  i n t o  th e  la k e  d u r in g  s p r in g  
h ig h  w a te r  f o r  o v e r  two decades ,  and th e  dam e f f e c t i v e l y  c u r t a i l e d  
n u t r i e n t s  f ro m  p a s s in g  th ro u g h  th e  la k e .
Clea i—c u t t i n g  o f  p r e v i o u s l y  f o r e s t e d  a reas  in  the  d ra in a g e  
b a s in  has c o n t r i b u t e d  b o th  n u t r i e n t s  leached f rom  th e  s o i l  and s i l t  f rom 
e r o s io n  due t o  d e f o r e s t a t i o n  and road b u i l d i n g .  The accumula ted  s i l t  
has has tened  th e  p r o l i f e r a t i o n  o f  a q u a t i c  m ac rophy tes .
Recommendat Î ons
Prob lem a s p e c t s  o f  e n r ic h m e n t  and in c re a se d  p r o d u c t i v i t y  a re  
a l l  bu t  s e l f - p e r p e t u a t i n g  in  an a q u a t i c  e co -sys te m .  Every s p r i n g  th e  
a l d e r  t h i c k e t s  and o t h e r  leguminous p l a n t s  above th e  la k e  a re  f l o o d e d ,  
and in  th e  autumn most o f  th e  a q u a t i c  p l a n t s  d i e  and b eg in  t o  decay, 
r e l e a s i n g  s to r e d  n u t r i e n t s .  The a l g a l  blooms w h ich  o c c u r  a l s o  e v e n t u a l l y  
r e s t o r e  th e  n u t r i e n t s  w h ich  th e y  d e p l e t e  when g ro w in g .
Recommendations o f f e r e d  a re  re v ie w s  o f  te c h n iq u e s  and p rocedu res  
t h a t  have been used s u c c e s s f u l l y  on o t h e r  la k e s  w i t h  s i m i l a r  p rob lem s .
The f e a s i b i l i t y  o f  any p ro c e d u re  m ig h t  be d e te rm in e d  by an e n g in e e r i n g  
s tu d y  o f  th e  c o s t - b e n e f i t  r a t i o .
E x c e s s iv e  l i t t o r a l  v e g e t a t i o n  can be c o n t r o l l e d  by h a r v e s t i n g
65
methods such as c u t t i n g  o r  p u l l i n g ,  o r  th e  use o f  sodium a r s e n l t e  in 
doses up t o  ten  mg/ l  (Mackenthun,  1950),
P h y to p la n k to n  blooms a re  r o u t i n e l y  c o n t r o l l e d  u s in g  smal l  
c o n c e n t r a t i o n s  o f  copper  s u l f a t e  (1 mg/ l  o r  l e s s ) .  I t  i s  u s u a l l y  
a p p l i e d  w i t h  power s p r a y in g  e q u ip m e n t ,  and has been found t o  c o n t r o l  
a lg a e  e f f e c t i v e l y  w i t h o u t  harming  o t h e r  p l a n t s  o r  a n im a ls  (Pa lmer ,
1959) ;  however ,  p ro lo n g e d  use may a ccum u la te  copper  in  th e  bo t tom 
mud, w h ich  may a f f e c t  b e n t h i c  a n im a ls  ( P r e s c o t t ,  1948).
F e r t i l i z a t i o n  o f  a l a k e  may be c u r t a i l e d  by d i v e r t i n g  o r  
o t h e r w i s e  l i m i t i n g  i t s  n u t r i e n t  s u p p ly  (Oglesby and Edmondson, 1966).
In Se e le y  Lake two p ro c e d u re s  m ig h t  f u n c t i o n  t o  r e l i e v e  n u t r i e n t  
a c c u m u la t i o n s :  (a) a s iph o n  p ip e  t o  t r a n s p o r t  w a te r  f rom  th e  lower  
( s o u th e r n )  end o f  th e  l a k e  t o  a p o i n t  downstream in  th e  C le a r w a te r  R i v e r ,  
and (b) a cana l  c o n s t r u c t e d  t o  l i n k  th e  lower  end o f  th e  lake  w i t h  the  
r i v e r .  The l a t t e r  s u g g e s t io n  has m e r i t  because I t  would  f a v o r a b l y  
change th e  c i r c u l a t i o n  p a t t e r n  and e n ab le  th e  s p r i n g  h ig h  w a te r  t o  f l u s h  
th e  l a k e  o f  c o l l e c t e d  n u t r i e n t s .  The le n g th  o f  such a canal  would  be 
abou t  300 y a r d s .
The c i r c u l a t i o n  p a t t e r n  o f  th e  la ke  shou ld  be v e r i f i e d  b e fo re  
any t r e a t m e n t  s te p s  a re  u n d e r ta k e n ,  Eos ine  dye p laced  in  th e  C le a rw a te r  
R iv e r  above th e  i n l e t  c o u ld  be t r a c e d  th r o u g h o u t  the  la ke  (A. R. G a u f in ,  
p e rs o n a l  c o m m u n ic a t io n ) .  S e p t i c  t a n k  leakage  a l s o  shou ld  be assessed,  
and c o u ld  be s t u d i e d  u s in g  a s i m i l a r  dye in a l l  t o i l e t s  near  th e  l a k e -  




1. Data a re  p re s e n te d  on th e  c h e m ic a l ,  p h y s i c a l  and b i o l o g i c a l  
p r o p e r t i e s  o f  See ley  Lake. A b r i e f  d e s c r i p t i o n  o f  th e  e n v i ro n m e n t  and 
th e  h i s t o r y  o f  land  use in  th e  d r a in a g e  b a s in  i s  g i v e n .
2. S ee ley  Lake is  one o f  th e  most p o p u la r  r e c r e a t i o n a l  lakes
in  Montana, w i t h  an a rea  o f  863 a c re s  and a maximum dep th  o f  120 f e e t .  
The la k e  b a s in  i s  a g ra d u a l  s l o p i n g  and c o n t a in s  e x t e n s i v e  l i t t o r a l  
v e g e t a t  i o n .
3. The la k e  i s  d i m i c t i c ,  and a t h e r m o c l i n e  appears  in  the  
summer, d i v i d i n g  th e  w a te r  body i n t o  an e p i l i m n  ion wh ich  c o n s t i t u t e s  
abou t  1 /3  and a h y p o l im n io n  w h ich  c o n s t i t u t e s  abou t  1 /2  o f  th e  body o f  
w a t e r .
4. The oxygen c o n t e n t  i s  r e l a t i v e l y  u n i f o r m  a t  a l l  dep ths
e x c e p t  d u r i n g  th e  summer, when a s i g n i f i c a n t  decrease  o c c u rs  in
h y p o l im n io n .
5. The h y d r o g e n - io n  c o n c e n t r a t i o n  remained f a i r l y  c o n s ta n t  a t
a pH o f  7 .5  t o  8 . 2 .  The e p i 1 imnion  showed an in c re a s e  t o  9 ,0  d u r in g  the
a l g a l  bloom o f  l a t e  September,  1970.
6. The la k e  i s  r e l a t i v e l y  r i c h  in  phospha te  as w e l l  as n i t r a t e .
I n o r g a n i c  s o l u b l e  phospha te  ranged f rom  0.01 t o  0 .4 0  mg/1.
7. The bo t to m  fa u n a ,  a l t h o u g h  n o t  f u l l y  i n v e s t i g a t e d ,  seems to  
be c h a r a c t e r i z e d  by th e  midge l a r v a e  Chi ronomus.
8. A g ra d u a l  change in  th e  r e l a t i v e  abundance o f  sa lm on id  
f i s h e s  has o c c u r r e d  o v e r  th e  p a s t  s e v e r a l  decades,  w i t h  a c o r re s p o n d in g  
i n c r e a s e  in  th e  abundance o f  co a rs e  f i s h e s  such as p e rc h ,  s q u a w f i s h ,  and 
s u c k e r s .
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9. Due t o  î t s  m orphometry ,  i n c l u d i n g  th e  un iq u e  p o s i t i o n  o f  the  
o u t l e t  w h ich  causes poor  c i r c u l a t i o n  and a c c u m u la t i o n  o f  n u t r i e n t s ,  
Se e le y  Lake i s  p o t e n t i a l l y  p r o d u c t i v e .
10. P r o d u c t i v i t y  has been enhanced by c u l t u r a l  e n r ic h m e n t  o f  the  
l a k e ;  p r o b a b l y  th e  p r im a r y  cause was a dam on the  o u t l e t  w h ich  f l o o d e d  
300 a c re s  above th e  l a k e  f o r  o v e r  20 y e a r s .  N u t r i e n t s  leached f rom  
c l e a r - c u t  a re as  in  th e  d r a in a g e ,  and s i l t  f ro m  e r o s io n  due t o  road b u i l d ­
ing  and d e f o r e s t a t i o n  have a l s o  c o n t r i b u t e d  t o  th e  p re s e n t  p r o d u c t i v i t y .
11. On t h e  b a s is  o f  b i o l o g i c a l  p r o d u c t i v i t y  as d e f i n e d  by Welch 
(1 9 5 2 ) ,  See ley  Lake i s  m o d e ra te l y  e u t r o p h i c .
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N i t r a t e  c onc e ntra t ions  (mg/i NO?) o f  Seeley Lake during
1970-71 sampling p e r io d .




7 /4  
7/1 1 
7 / 1 8  
7 /25  
8/1 
8/8  
8 / 1 6  
8 /2 2  
8 /2 9  
9 /4  
9/ 11 
9/20  













6 / 1 2
1 2 3 4 5 6 7 9
0 .0 6 0 .0 8 0 .0 6 0 .1 0 0 .0 8 0 .0 8
0 .4 0 0 .1 0 0 .3 0 0 .1 0 0 .4 5
0 .1 0 0 .1 0 0 .2 0 0 ,3 0 0 .2 0 0 ,2 0 0 ,2 0 0 ,5 0
0 .25 0 .23 0 .1 5 0 .3 0 0 .4 2 0 .1 0 0 ,1 0 0 .3 0
0 .4 0 0 .4 0 0 .5 5 0 .6 0 0 .6 0 0 .5 0 0 .4 0 0 .3 0
0 .1 0 0 .1 0 0 .4 0 0 .5 0 0 ,1 0 0 .1 0 0 .2 0 0 20
0 .1 0 0 .1 0 0 .3 0 0 .5 0 0 ,2 0 0 .1 0 0 .1 0 0 .1 0
0 .2 0 0 .1 0 0 ,1 0 0 .1 0 0 .5 0 0 ,5 0 0 ,5 0 0 .6 0
0 .0 5 0 02 0.02 0 03 0 . 04 0 02 0.01 0,01
0 .05 0 .05 0 .0 5 0 .0 5 0 .05 0 .0 5 0 .0 4 0 .0 4
0 .0 5 0 .05 0 ,0 5 0 05 0 04 0 .0 4
0 .0 5 0 .05 0 .05 0 .0 5 0 05 0 .03 0 ,03 0 .03
0 .0 5 0 .0 2 0 .02 0.01 0 ,03 0 .0 2 0,01 0.01
0 .03 0.01 0.03 0 .0 5 0 .0 5 0 01 0.01 0.01
0 .02 0.01 0c02 0 .04 0 .05 0 .03 0 .02 0 ,02
0 .03 0.01 0.01 0.01 0.01
0 .0 4 0.01 0 01 0.01 0.01 O.Oi 0.01 0.01
0 .05 0 .0 5 0 .0 5 0 .03 0 ,0 4 0.03 0 ,03 0 ,03
0. 14 0. 1 0, 1 1
0. 14 0 .0 8 0 12
0. 12 0. 11 0, SO 0 .0 9 0. S 1
0 .15 0. 11 0 .05 0 ,0 8 0 .2  1 0 15
O0O6 0.11 0 .15 0 1) 0 .15 0 ,18
0 .1 9 0 .1 5 0 ,0 8 0 .1 9 0 25 0.11
0 .2 0 0.11 0 .1 4 0 .14 0 .2 8 0 .19
0 . 26 0 20 0 13 0. 11 0 ^ 5 0 ,2 !
0 .1 6 0 .05 0 .6 0 .0 9 0 .08 0 .06
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Ortho-phosphate conc e n tra t io n s  (mg/1 POÏJ) o f  Seeley Lake
dur ing  1970-71 sampling p e r io d .
D a te _________________________________Sampl ing  S t a t i o n
1 2 3 4 5 6 7 8
1970
6 /2 0 0 .0 3 0 .02 0,01 0 ,0 5 0 05 0 ,02
6 /2 7 0 .03 0 .0 9 0,01 0 ,05 0, i8
7 /4 0 .0 8 0 .0 4 0 03 0 02 0 .05 0 ,03 0.03 0,03
7/11 0 .2 8 0 .1 0 0 30 0 ,0 4 0 .1 9 0,03 0,03 0 ,06
7 /1 8 0,03 0 .03
7 /2 5 0 .8 8 0 .25 0 ,1 6 0 16 0 .26 0.11 0 ,09 0,10
8/1 0 .0 9 0 .0 5 0 ,0 5 0,03 0 ,03 0.03 0 .02 0,02
8 /8 0 .1 4 0 .0 9 0 ,0 8 0 10 0 .0 9 0 , 05 0.03 0,03
8 /1 6 0 . 06 0 .02 0 .0 4 0 ,0 4 0 ,08 0 ,2 ! 0 ,03 0,03
8 /2 2 0 .05 0 .02 0 .0 5 0 .05 0 ,05 0 .12 0,01 0.01
8 /2 9 0 .1 5 0 .08 0 .0 5 0 .05 0, 1 1 0 .05 0 ,03 0,02
9 /4 0 .12 0.12 0 ,0 4 0 .0 7 0 ,05 0 .06 0 .03 0.03
9/11 0 .02 0 .02 0 ,04 0 .0 4 0 06 0,01 0,01 0.01
9 /2 0 0 .0 4 0.01 0 ,02 0,02 0 .02 0,01 0 .05 0 .02
9 /2 7 0 .0 8 0 .0 8 0 .05 0 .08 0 .10 0 ,0 5 0.03 0,03
10/4 0 .0 6 0 .02 0 ,06 0 .02 0 ,03
10/10 0 .0 8 0 .12 0 .05 0 ,1 0 0 10 0 ,05 0 ,06 0 ,04
10/17 0 .0 7 0 .0 4 0 .02 0 .0 5 0 02 0.05 0.02 0 ,05
10/24 0 .0 9 0.12 0 ,05
10/30 0.1 1 0 .1 7 0 ,09
11/29 0 .07 0 .0 6 0 ,05 0,03 0 ,05 0 .06
12/30 0 ,08 0 .0 7 0 ,03 0 ,03 0 ,04 0 05
1971
1/29 0 .1 0 0 .0 6 0 ,0 3 0 04 0,05 0 .06
2 /2 7 0 .0 9 0 .0 4 0 01 0,01 0 04 0 .03
3 /2 8 0, 1 1 0 ,08 0 ,08 0 03 0 ,0 5 0 .04
5 /9 0 .13 0 ,1 0 0 .03 0 .05 0 ,05 0.03
6 /1 2 0 .12 0 ,02 0,01 0,01 0 ,03 0 02
75
C a lc iu m  hardness (mg/1 CaCO-) o f  See ley  Lake d u r in g  
1970 sam p l ing  p e r i o d .
Date _______  SampI î ng S t a t  1 on
1 2 3 4 5 6 7 8
6 /2 0 35 30 32 25 30 30
6 /2 7 35 25 22 20 30
7 /4 30 30 30 30 30 25 25 25
7/11 35 30 30 30 30 27 26 27
7 /1 8 40 30 30 30 30 32 28 30
7 /2 5 50 35 25 22 35 40 30 30
8/1 58 40 40 40 40 40 40 40
8 /8 58 35 32 35 35 30 35 35
8 /1 6 45 30 31 30 32 30 31 31
8 /2 2 45 30 30 30 35 30 30 30
8 /2 9 38 35 29 30 30 30 31 32
9 /4 40 35 30 25 30 30 25 25
9/11 32 27 25 24 24 22 23 22
9 /2 0 35 30 30 30 25 25 25 25
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Tota l  hardness (mg/1 CaCO^ + MgCOj) o f  Seeley Lake
during  1970-1971 sampling p e r io d .
Date_______   Samp 1 i ng Sta t  î on
1970
1 2 3 4 5 6 7
9 /2 7 45 35 30 30 30 32 32 30
10/4 50 30 31 31 32 33 33 32
10/10 45 35 30 35 40 40 40 40
10/17 45 35 30 35 35 40 40 40
10/24 45 35 40
10/30 45 35 35
1 1 /29 45 37 35 35 30 35
12/30 40 35 30 30 30 40
1971
1/29 35 35 30 30 30 35
2 /2 7 35 33 30 30 35 35
3 /2 8 35 35 35 33 30 35
5 /9 45 35 35 30 35 35
6 /1 2 45 35 40 35 35 35
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A l k a l i n i t y  (mg/1 HCOg) 
s a m p l Î ng per  1o d .
o f See ley Lake d u r in g  1970--71
Date Sampl1ng S t a t i o n
1 2 3 4 5 6 7 8
1970
6 /2 0 45 40 32 25 25 40
6 /2 7 60 45 30 20 32
7 /4 70 40 50 60 55 45 50 40
7/11 64 43 43 45 48 43 43 43
7 /1 8 63 49 48 49 50 49 48 49
7 /25 68 48 49 54 54 52 53 51
8/1 60 52 47 47 48 50 51 50
8 /8 73 50 51 50 53 51 54 53
8 /1 6 69 52 50 49 48 49 50 50
8 /2 2 70 50 50 50 50 50 50 50
8 /2 9 70 55 50 50 49 50 60 60
9 /4 73 51 50 54 51 52 53 54
9/11 70 50 49 50 50 51 52 52
9 /2 0 72 48 50 51 52 50 51 51
9 /2 7 70 45 47 48 48 50 49 49
10/4 71 43 50 48 48
10/10 72 48 49 50 50 51 51 51
10/17 71 50 51 52 52 50 52 51
10/24 70 60 55
10/30 72 60 60
11/29 70 55 52 51 51 50
12/30 71 55 53 51 50 50
1971
1 /29 65 55 50 51 48 55
2 /2 7 61 50 45 48 45 45
3 /2 8 55 47 45 47 45 50
5 /9 50 45 40 40 40 45
6 /1 2 65 50 44 43 43 45
\
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C h lo r id e  concentra t ions  (mg/1 Cl ) o f  Seeley Lake
during 1970-71 sampling p e r io d .
Date______________________________________ Sampl I ng S t a t  ion
1 2 3 4 5 6 7 8
1970
7 /4 4 .0 2 .0 2 ,0 2 ,0 2 ,0 2 ,0 2 ,0 2 .0
7/11 4 .5 2 ,5 2 .5 2 ,0 2 ,0 2 ,0 2 .0 2 ,0
7 /18 2 ,5 2 .0 2 .0 2 .0 2 ,0 2 ,0 1 5 1 .5
7 /25 2 ,0 1 .5 1 .5 1.5 1.5 1 .5 1.5 1,5
8/1 2 .0 2 .0 1.5 i .5 1 .5 1 ,5 1 .5 1.5
8 /8 2 ,0 2 ,0 2 .0 2 .0 2 ,0 2 ,0 2 .0 2 ,0
8 /1 6 2 ,0 2 .0 2 ,0 2 .0 2 ,0 2 ,0 2 ,0 2 .0
8 /2 2 2 .5 2 ,0 2 .0 2 ,0 2 ,0 2 ,0 2 ,0 2 .0
8 /2 9 2 .5 2 ,0 2 ,0 2 .0 2 ,5 2 ,0 2 ,0 1.5
9 /4 2 .5 2 ,0 2 .0 2 ,0 2 .0 2 ,0 2 ,0 2 ,0
9.11 2 .0 1.5 1.5 1.5 1 .5 1.5 1.5 1 ,5
9 /2 0 2 ,5 2 ,0 2 .0 2 ,0 2 ,0 2 ,0 2 .0 1.5
9 /2 7 4 .0 2 ,0 2 .0 2 ,0 2 ,0 2 ,0 2 .0 2 .0
10/4 4 .0 2 ,0 2 ,0 2 ,0 2 ,0
10/10 4 .0 2 .0 2 ,0 2 ,0 2 .0 2 ,0 2 .0 2 ,0
10/17 2 ,5 2 .0 2 .0 2 ,0 2 ,0 2 ,0 2 ,0 2 .0
10/24 3 .0 2 ,0 2 0
10/30 4 .0 2 ,0 2 ,0
11/29 3 .5 2 ,5 2 ,0 2 .0 2 0 2 .0
12/30 3 .0 2 ,0 2 ,0 2 ,0 2 0 2 .0
1971
1/29 4 ,0 2 .0 2 ,0 2 ,0 2 ,5 2 ,0




3 .5 2 .5 2 ,0 2 .0 2 ,5 2 .0
3 .0 2 ,0 2 .5 2 ,0 2 ,0 2 ,5
3 .0 2 .5 2 ,0 2 ,0 2 .0 2 0
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S u l f a t e  c o ncentra t ions  (mg/1 SO^) o f  Seeley Lake during
I 97O-7T sampling p e r io d .
Date Samp l i n g  S t a t i o n
1 2 3 4 5 6 7
1970
6 /2 0 5 1 1 10 8 6 10
6 /2 7 9 10 12 11
7 /4
7/11 6 5 5 5 6 7 5 4
7 /1 8 6 7 4 7 7 5 5 5
7 /2 5 6 7 7 7 5 5 6 5
8/1 6 6 6 6 6 5 6 5
8 /8 5 5 5 6 5 4 5 4
8 /1 6 6 5 5 5 5 5 5 5
8 /22 6 5 5 5 5 5 5 5
8 /2 9 6 5 5 5 5 5 6 5
9 /4 6 5 5 5 5 6 5 5
9/11 6 3 4 4 4 4 4 4
9 /2 0 6 5 5 5 5 5 5 5
9 /2 7 6 5 5 5 6 5 5 5
10/4 10 9 9 10 9 9 10 10
10/10 9 8 9 10 10
10/17 8 6 5 6 7 6 5 5
10/24 8 6 6
10/30 6 5 5
11/29 8 6 5 5 5 6
12 /30 8 7 6 6 6 7
1971
1 /29 6 5 5 5 5 6
2 /2 7 7 6 6 5 5 6
3 /2 8 8 7 6 5 5 6
5 /9 6 5 5 5 5 7
6 /1 2 7 6 5 5 5 5
\
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T o ta l  I ron conc e ntra t ions  (mg/1 F e * * )  o f  Seeley Lake
during 1970-71 sampling p e r io d .
Date  Sampl i ng S t a t  ion
1 2 3 4 5 6 7 8
1970
6 /2 0 0 ,05 0.11 0 .0 7 0 .03 0 .0 7 0 .0 6
6 /2 7 0 .0 8 0 .13 0 .1 0 0 .1 0 0. 12
7 /4 0 .0 8 0 .0 6 0 .12 0 .1 0 0 .2 0 0 .08 0 .10 0 .06
7/11 0 .1 0 0 .0 6 0 .0 6 0 .0 6 0 .06 0 .0 6 0 .06 0 .03
7 /18 0 .0 6 0 .0 6 0 .1 0 0.12 0 .1 6 0 .0 6 0 .06 0.03
7 /2 5 0 .0 6 0 .03 0 .03 0 .0 8 0 .08 0 .03 0 .06 0.03
8/1 0 .0 8 0 .03 0 .0 6 0 .0 6 0 .08 0 .03 0 .03 0.02
8 /8 0 .0 9 0 .04 0 .03 0 .0 4 0 ,13 0 .03 0.03 0.03
8 /1 6 0 .0 8 0 .0 5 0 .04 0 .07 0 .09 0 ,03 0.03 0.02
8 /2 2 0 .1 2 0.01 0 .0 8 0 .08 0.21 0 ,05 0.01 0.01
8 /2 9 0 .1 5 0.01 0 .0 5 0 .0 4 0 .08 0.01 0.01 0.01
9 /4 0 .0 5 0.01 0 .0 7 0 .09 0 .10 0 .05 0 .03 0 .03
9/11 0 .0 6 0 .0 6 0 .0 5 0 .0 7 0 .0 9 0 .03 0.03 0.01
9 /2 0 0 .0 7 0 .05 0 .0 9 0.1 1 0 ,15 0 .0 9 0 .05 0 .0 5
9 /2 7 0 .13 0 .0 5 0 .1 0 0 .1 0 0 .3 8 0 .10 0 .05 0 .08
10/4 0 .0 9 0 .03 0 .07 0 .05 0 ,05
10/10 0 ,0 8 0 .03 0 .0 6 0 .0 6 0 .09 0 .03 0.01 0 01
10/17 0 .0 8 0 .0 7 0 .09 0 .0 7 0 .1 0 0 ,0 4 0 .04 0.04
10/24 0 .0 9 0 .0 6 0 .02
10/30 0 .1 0 0 .05 0.03
11/29 0 .0 8 0 .0 6 0 .0 7 0 .0 4 0 0 06 0 .02
12/30 0.11 0 .0 8 0 .05 0 .0 5 0 .05 0 .04
1971
1 /29 0 .0 6 0 .0 5 0 .05 0 .0 7 0 .0 8 0 .05
2 /2 7 0 .0 8 0 .0 4 0 .03 0 .0 6 0.07 0 .05
3 /2 8 0 .0 7 0 .05 0 .0 4 0 .0 6 0 .05 0 .04
5 /9 0 .1 4 0 .0 9 0 ,0 8 0 .0 8 0 .05 0 .04
6 /1 2 0 ,0 9 0 .0 7 0 .06 0 .0 5 0 .0 5 0 .05
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Manganese concentra t ions  (mg/1 Mn’*”*') o f  Seeley Lake
during 1970-71 sampling p e r io d .
Date______________________________________ Sampl ing  S t a t i o n
1 2 3 4 5 6 7 8
1970
6 /2 0 0 .1 0 0 .0 4 0 .0 8 0 .07 0 .09 0 .05
6 /2 7 0 .13 0 .0 5 0 .0 9 0.13 0 .05
7 /4 0 .0 5 0 .0 5 0 .03 0 .05 0 .05 0 .05 0 ,05 0 .03
7/11 0 .0 5 0 .0 7 0 .0 9 0 .0 9 0.13 0 .16 0.13 0 ,05
7 /1 8 0 .2 0 0 .0 7 0 .0 7 0 .04 0 .0 7 0 .20 0 09 0,07
7 /2 5
8/1 0 .0 9 0 .0 5 0 .0 5 0 .05 0 .03 0 .03 0 .03 0 .03
8 /8 0 .0 9 0 .0 9 0 .0 9 0.11 0 .10 0 .09 0 .07 0,05
8 /1 6 0 .0 9 0 .06 0 .0 5 0 .0 5 0 ,0 8 0 ,0 5 0 .03 0 ,03
8 /2 2 0 .0 9 0 .05 0 .0 6 0 .0 7 0.1 1 0 .05 0 .05 0.03
8 /2 9 0 .1 0 0 .05 0 .06 0 .0 6 0 .0 7 0 ,05 0 .05 0 ,05
9 /4 0 .06 0 .0 4 0 .0 4 0 ,05 0 ,0 7 0 ,05 0 .03 0 .03
9/11 0 .0 4 0 .03 0 .03 0 .03 0 .07 0 .03 0 ,03 0,03
9 /2 0 0 .0 4 0 .0 6 0.03 0 .03 0 .0 8 0 .03 0 .03 0 ,03
9 /2 7 0 .0 6 0 .0 4 0 .09 0 .0 9 0.1 1 0 .07 0 .07 0 .0 9
10/4 0.11 0 .0 9 0 .0 7 0 .0 9 0 ,07
10/10 0.11 0 .0 7 0 .0 9 0 ,0 9 0,1 1 0 .0 7 0 07 0 .0 7
10/17 0 .1 0 0 .0 7 0 .0 8 0 .0 4 0 .05 0.03 0 ,03 0 .03
10/24 0 .0 9 0 .0 6 0 .04
10/30 0 .1 0 0 .0 8
0 .0 8
0 .05
11 / 2 9 0 .0 7 0 .0 5 0 .05 0 .05 0,03







0 .04 0 .03 0 .03 0.01 0.01 0 .02
0 .0 8 0 .0 7 0.08 0 .05 0 .05 0 .0 5
0 .0 9 0 .0 7 0 .05 0 .04 0.03 0 .02
0. 14 0 .0 6 0 .0 7 0 .05 0 ,04 0 ,02
0 .09 0 .0 7 0 .0 6 0 .05 0 .0 8 0 .04
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Copper concentra t ions  (mg/1 Cu ) o f  Seeley Lake during
1970"7I sampling p e r io d .
Date Sampling S ta t io n
1970
6/20  
6 /2 7  
7 /4  
7/11  
7 /1 8  
7 /2 5  
8/1 
8/8  
8 /1 6  
8/22  
8 /2 9  
9 / 4  
9/11  
9/20  
9 /2 7  
10/4  











6 / 1 2
1 2 3 4 5 6 7 8
0 .02 0 .0 5 0 ,1 0 0 .06 0 ,05 0 .08
0.11 0.11 0 .15 0.11 0 .17
0 .0 2 0 .03 0 .03 0.02 0,03 0.03 0.03 0.02
0 .13 0. 1 1 0 .06 0.1 1 0.1 1 0 .10 0 .05 0 .02
0 .1 3 0 ,13 0 .14 0. 17 0 .16 0 .13 0.02 0.03
0 .0 6 0 .0 7 0.1 1 0.11 0.11 0 .06 0 .06 0.02
0 .0 6 0 .0 6 0 .0 6 0 .15 0 .03 0 .03 0 .02 0 ,02
0 .02 0 .06 0 .0 6 0 .07 0 ,06 0 .07 0.03 0.02
0 .0 6 0 .0 5 0 .05 0 .0 6 0 .08 0 ,05 0 .04 0 ,04
0 .0 7 0 .0 6 0 .0 6 0 .0 7 0 ,08 0 .05 0 .03 0 .03
0 .0 5 0 .0 5 0 .06 0 ,05 0 .08 0 .05 0,03 0 ,03
0 .06 0 .0 5 0 .0 5 0 .0 7 0 ,0 8 0.03 0 .03 0,01
0 .0 5 0 .03 0 .03 0 .05 0 .0 7 0 .03 0.03 0.03
0 .05 0 .0 4 0 .03 0 .04 0 .0 8 0 .0 7 0 .06 0 .08
0 .0 6 0 .03 0 .0 6 0.11 0 .06 0 .0 6 0.06 0 ,08
0 .05 0 :03 0 ,04 0 .06 0 . 06
0 .0 6 0 .0 4  ' 0 .0 6 0.11 0 ,12 0 .04 0 02 0 .03
0 .08 0 .0 5 0 .05 0 .05 0 .12 0 ,04 0 .04 0 ,04
0 .0 7 0 :0 4 0 .03
0 .08 0 :0 6 0 .04
0 .0 9 0 ,05 0 .04 0 .0 9 0. 1 1 0 .03
0 .0 7 0 .0 4 0 .05 0 .05 0 .08 0 .04
0 .0 6 0 .04 0 .03 0 ,03 0 ,09 0 .03
0 .0 8 0 .0 5 0 .03 0 .07 0.11 0 .02
0 .0 7 0 .0 6 0 .05 0 .0 6 0 .09 0 .02
0 .0 9 0 .05 0 .0 5 0 ,0 5 0 ,12 0 .0 5
0 .0 6 0 ,03 0 .0 4 0 .04 0 ,08 0 .03
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T u r b i d i t i e s  ( J . T . U . )  o f  Seeley Lake during I9 7 0 “ 7t
sampling p e r iod .






























1 2 3 4 5 6 7 _8_
1 5 5 5 i!0 9
7 10 5 7 4
8 7 7 7 12 6 8 13
8 8 8 8 8 6 8 16
8 8 10 10 16 10 8 20
8 4 8 8 8 8 8 8
4 4 4 4 4 4 6 8
12 8 8 6 10 8 8 8
5 5 8 8 8 10 5 3
5 5 4 4 10 8 5 5
5 6 8 8 10 8 6 8
10 15 18 13 15 12 12 12
2 12 5 6 21 1 1 2 2
2 18 Î5 10 2 18 10 12
8 18 8 8 4 8 10 8
4 4 2 4 2
4 8 6 4 4 10 4 6
5 6 4 4 10 8 5 5
5 8 4
4 8 6
4 6 5 4 4 4
2 2 2 2 2 1
2 4 3 7 7 2
4 3 4 3 6 2
4 3 2 3 5 4
18 11 9 4 8 6
2 3 4 3 5 4
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Hydrogen ion conc e ntra t ions  (pH) of  Seeley Lake curing
1970-71 sampling p e r io d .
Date______________________________________ Samp l i n g  S t a t i o n
1 2 3 4 5 6 7 8
1970
6 / 2 0 7 , 0 7 , 0 7 . 0 6 . 9 7 . 0 7,1
6 / 2 7 7 . 0 6 . 9 6 . 9 7 .0 6 . 8
7 / 4 7.1 7 . 4 7 . 3 7.3 7 . 4 7 . 4 7 . 4 7 , 5
7/11 6 . 8 6 . 9 6 . 9 6 . 9 7 , 0 7.1 7 , 2 7 . 3
7 /1 8 7 . 3 7 .5 7 . 7 7 . 7 7 . 7 7 . 7 7 . 7 7 .7
7 / 2 5 7 . 5 7 7 7 . 3 7 1 7 . 0 7 , 7 7 , 7 7 . 7
8/1 7 . 8 7 . 7 7 . 3 7 .2 7 . 0 7 . 7 7 . 7 7 . 7
8 / 8 7 . 8 7 . 9 7 . 9 7 . 9 7 . 5 7 . 9 7 . 9 7 . 9
8 / 1 6 7 . 9 7 . 7 7 . 2 7 . 0 7 . 0 7 , 7 7 , 8 7 .8
8 /2 2 8 .2 8.1 7 . 0 7 . 0 7 . 3 8 .2 8 . 3 8 .3
8 / 2 9 8 . 5 8.1 7 . 3 7.1 7.1 8 . 3 8.3 8 , 4
9 / 4 8 . 0 7 , 9 7 3 7,1 7 , 0 7 . 9 7 . 9 7 , 9
9/11 8 . 2 8 . 0 7 .8 7 . 2 7 , 0 8.1 8.1 8,1
9 / 2 0 8 . 3 8 . 3 8 . 0 7 . 6 7 , 4 8 . 3 8 .3 8 ,3
9 / 2 7 8 . 0 8 . 9 7.9 7 . 6 7 . 5 8 . 3 8 . 3 8 .3
10/4 8 . 0 9 . 0 8 . 9
10/10 8 . 0 9 , 0 8 . 9 7 . 5 7 , 4 8 . 8 8 , 9 8 . 9
1 0 / 1 7 8 . 0 8.1 8 .2 7 , 6 7 , 4 8 , 0 8 . 0 8.1
10/24 8 . 0 7 . 5 7 . 4
10 / 30 8 . 0 7 . 8 7 . 8
11 / 29 8 . 0 7 . 4 7 . 9 7 ,8 7 , 8 7 . 8
1 2 / 3 0 8 . 0 7 . 9 7 . 9 7 . 8 7 . 8 7 . 9
1971
1 / 2 9 8 . 0 7 . 9 8 ,0 7 . 5 7 , 6 7 . 9
2 / 2 7 7 . 9 7 . 8 7 . 8 7 . 8 7 . 6 7 , 9
3 / 2 8 8.1 7 . 9 7 .8 7 . 8 7 . 8 7 . 9
5 / 9 8,1 8 .0 8 . 0 7 . 8 7 , 8 8 . 0
6 / 12 8 . 0 8.1 7 . 8 7 , 8 7 . 6 7 . 9
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Dissolved oxygen conc e ntra t ions  (mg/1) o f  Seeley Lake
during  1970-71 sampling p e r io d .
Date _________________________________Sampl i ng S ta t  ion
1970
1 2 3 4 5 6 7 8
6 / 2 0 9 . 0 8 . 0 8 . 0 7 . 0 8 ,0 9 .0
6 / 2 7 7 . 0 7 . 0 6 . 0 6 . 0 8 .0
7 / 4 10.0 9 . 0 8 . 0 8 . 0 7 .0 10.0 9 . 0 9 . 0
7/11 9 . 0 8 . 0 7 . 0 7 . 0 7 . 0 8 . 0 8 . 0 8 . 0
7 /1 8 7 . 0 6 . 4 5.3 5 . 0 3 .2 6 . 4 5 .8 6 . 0
7 /25 6 . 8 6 . 6 5 .8 5 .3 4 , 8 6 . 6 6 . 8 6 .8
8/1 7 . 6 6 . 8 5 .0 4 . 8 4 . 8 6 . 7 6 .7 6 . 7
8 / 8 6 . 6 7 .2 7.2 7 . 4 5 . 6 7 .0 6 . 8 6 . 8
8 / 1 6 8 . 2 6 . 0 5 .0 4 .2 3 . 8 7 .8 6 . 0 6 , 4
8 / 2 2 7.1 6 . 2 6 . 0 4.1 3 .5 6 . 5 6 , 5 6 . 8
8 / 2 9 7 . 6 9 . 2 5 .2 4 . 0 3 .5 10.4 7 . 0 7 .2
9 / 4 8 . 0 7 .4 6 . 6 4.1 3 .5 9 . 0 8 .0 8 .4
9/11 9 . 4 9 .2 5 .2 4 . 8 3 .2 9 . 6 7 .0 7 .2
9 / 2 0 9 . 4 9 . 0 6 . 0 4 . 8 4 . 2 8 , 6 8 . 8 8 , 8
9 / 2 7 9 . 0 10.0 5 . 8 4 . 6 3 . 8 8 . 0 8 . 0 8 , 0
10/4 9 . 0 8 : 8 8 , 6 8 , 4 8 .2
10/10 9 . 0 7 .6 7 . 4 3 . 0 1.8 8 . 0 8 . 4 8 ,2
10/17 10.0 7 .8 7 . 0 5 .8 5 .6 5 . 8 9 .0 7 .4
10/24 10.0 7 .6 9 . 6
10/30 8 . 0 6 . 0 10.0
11/29 10.4 9 . 0 8 . 4 8 . 5 8 .3 9 .5
12 /30 11.0 10.4 9 . 5 8 . 5 8 . 4 10.6
1971
1/29 1 1.8 8 . 3 8.1 6 . 8 7 .4 8 . 6
2 /2 7 10.5 8.1 8 . 0 7 .3 7 . 0 8 .3
3 / 2 8 11.0 7 . 0 7 .5 7 .3 7 . 0 8 , 9
5 / 9 12.2 11.0 11.0 10.0 10.0 12.0
6 / 12 11.5 9 . 5 9 .7 9 . 5 9 . 5 11.3
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Carbon d io x id e  c o n c e n tra t io n s  (m g/i )  o f  Seeley Lake
dur ing  1970-71 sampling p e r io d .





























6 / 1 2
1 2 3 4 5 6 7 8
1.0 1.5 1 .6 1.5 1.4 1 .6
1 .0 1.5 1.6 1.6 1,6
2 . 0 2 . 0 4 . 0 5 .0 5 .5 1.5 1.5 1.5
1 .3 1.3 4 . 4 6.1 6 . 5 1.7 1 ,3 1.3
2 . 5 1.5 6 . 0 7 . 0 9 . 0 1 .5 1.5 1.5
1.7 1.3 6.1 6.1 7 . 0 1.3 0 . 9 0 . 9
1.5 1.3 3 . 0 4 . 0 4 . 0 1.5 1.5 1.5
2 . 0 1.0 1 .0 1 .0 6 . 0 1 ,0 1.0 1.0
0 . 0 1.0 2 : 0 4 . 0 5 .0 0 . 0 0 . 0 1,0
0 . 0 0 . 0 1.0 3 . 0 5 .0 0 . 0 0 , 0 0 . 0
0 . 0 1.0 3 . 5 4 . 0 4 . 5 1 ,0 2 . 0 2.1
1.0 2 . 0 2 . 0 6 . 0 7 . 0 1 .0 2 ,0 2 , 0
2 . 0 2 . 0 4 . 0 4 . 0 6 . 0 1 .0 2 . 0 2 , 0
1.0 0 . 0 2 . 0 4 . 0 6 . 0 0 . 0 0 . 0 0 . 0
1.0 0 . 0 4 . 0 6 . 0 8 . 0 0 . 0 0 . 0 0 .0
1.0 0 : 0 0 . 0 0 . 0 0 . 0
4 . 0 5 . 0 5 . 0 8 . 0 12,0 4 , 0 4 , 0 6 . 0
0 . 0 2 . 0 2 . 0 4 . 0 5 . 0 2 . 0 2 . 0 2 . 0
0 . 0 2 : 0 1.0
1.0 2 : 0 0 . 0
0 . 0 2 . 0 2 . 0 3 . 0 2 . 5 2 , 0
0 . 0 2 . 0 4 . 0 5 .0 4 . 5 3 . 0
1.0 2 . 0 4 . 5 3 . 0 4 , 0 4 . 0
2 . 0 1 .0 3 . 5 4 . 4 6 . 0 2 . 5
0 . 0 2 . 0 2 . 0 3 . 8 3 . 0 2 . 5
1.0 1 .0 1 .5 2 . 0 2 , 5 1.7
0 . 0 1.5 2 . 0 1.4 1.5 1.5
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Temperature (C) f o r  Seeley Lake during 1970-71
samplIng p e r i o d .
Date ____________________________________ Samp l i n g  S t a t i o n
1970
6/20























2 / 2 7
3/28
5 / 9
6 / 1 2
1 2 3 4 5 6 7 8
11.7 16.7 10.0 7 . 8 6 , 7 15.0
17.0 2 0 . 0 11,5 8 .0 20.5
14.0 20 .0 13.0 8 , 0 8 , 0 18,5 19.0 19.0
15.0 20 ,0 10,5 7 .5 7 5 20 .0 2 2,0 24,0
15.5 20 .5 10.0 8 ,0 8 , 0 20 ,0 22.0 22 ,0
15.0 19.0 10.0 8 ,5 7 5 20 .0 20,5 21 ,0
17.0 19.5 9 . 5 8 , 0 8 , 0 19.0 2 0.0 21 ,0
17.0 19.0 11.5 11.0 7 .5 19.5 19.5 20 ,0
18.5 2 2 . 0 11,5 10,0 9 .5 2 2 , 0 2 1.5 2 1 , 0
15.5 20 .0 11,0 9 . 0 9-0 19.0 19.5 19.0
14.5 19.0 11.5 9 . 0 9 . 0 19.5 19.0 20 ,0
9 . 5 15.0 10,5 8 ,5 8 ,5 15.5 16,0 16,0
9 . 0 14.0 11.0 8 ,5 8 , 5 14,5 15.0 15,5
7 .5 11.5 10.5 8 , 0 8 ,0 12,0 13,0 13.0
8 .2 10 0 10.5 8 . 0 8 , 0 11,5 13.5 13 . 0
7 .0 10.0 10,0 11,0 10.5
7 5 9 . 5 8 , 5 7 .5 7 5 1 1 ,0 10.5 1 1 ,0
6 . 0 8 . 5 7 .5 7 , 0 7 .0 9 .5 10.5 10.5
4 . 0 8 , 0 8 , 5
5 .0 7 . 5 7 .0
4 . 0 6 , 0 5 , 0 4 , 0 4 , 0 4 , 5
0 . 0 4 . 0 3 . 0 3 . 0 1 .0 4 , 0
0 . 0 4 . 0 3 . 0 3 . 0 1 ,0 4 . 0
0 , 0 4 . 0 3 . 5 2 0 2 , 0 0 .0
0 . 0 4 . 0 3 . 5 3 . 0 3 . 0 4 ,0
5 .0 1 1 0 8 , 0 8 0 10.0
9 .5 14.5 8 . 0 8 , 5 7 = 0 12,0
